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REMARKABLE ACHIEVEMENTS OF
THE NINETEENTH CENTURY

A CENTURY OF ACHIEVEMENT

In the one hundred years now drawing to a close the

world has made a greater advance in science and the arts

than in all the preceding ages. The human mind reels

when it tries to grasp the stupendous achievements of the

Nineteenth Century, in every branch of discovery and

invention. Because of their love of pure knowledge, men

of gigantic intellect have sought out the mighty secrets of

the universe and have raised to the sky a temple to science

on ground upon which stood, a century ago, only scattered

and isolated stones. Close behind the worshipers of

knowledge have followed the magicians of to-day; chem-

ists, engineers and electricians. At their command the

spirits of air, water, earth and fire have been made to do

man's every bidding. They propel his steamships, rail-

way cars and mighty engines; they make his garments;

they build his houses
; they illuminate his cities

; they har-

vest his crops. For him they make ice in the tropics or

grow oranges amid snow. For him they fan a heated

atmosphere into cooling breezes or banish icy winds.

They flash his news around the globe; they carry the

sound of his voice for thousands of miles, or preserve it

after he is dead. Verily the fairies and genii of old did not

so much for Solomon in all his glory.

During the Nineteenth Century, man has made a mes-

senger boy of the lightning, and harnessed vapor to his
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2 REMARKABLE ACHIEVEMENTS

chariot wheels, and all this he regards as a matter of

course. Men and women alive to-day can remember the

introduction of the first steamboat and the first locomotive.

They can recall their delight at the first daguerreotype.

Yet their grandchildren from their cradles have been used

to electric street cars, ocean greyhounds and kodaks.

We are benefited by thousands of practical applications

of the discoveries of wise and patient men, but do not

pause to consider the wonder of it all, and how new a

power science is in the world.

It is well-nigh impossible to realize the state of science

one hundred years ago. All was inchoate. Great truths,

germs of much that has been developed since, had been

discovered and were startling the world by their novelty

and their simplicity. But they stood apart, nor did man
dream of science as a single rounded and connected whole.

When we regard the astonishing structure that has been

built since then, the materials for which have been hewn
in so many forests and quarried from so many mines, it

seems incredible that a single century can have witnessed

so many brilliant achievements.

Astronomy, a hundred years ago, stood foremost of the

sciences, most ancient, as most advanced, of them all. Job
mentions Orion and the Pleiades, and the Wise Men of the

East were reading the heavens when the Star of Bethlehem

blazed upon their sight. The Phoenicians steered their

ships by the polestar, and followed the planets in their

courses. Nevertheless, astrologers learned little that was

new, as the centuries passed. Complex lenses were

unknown, and with the exception of the planet Uranus,

discovered by Herschel in 1781, and the moons of Jupiter

and Saturn, no additions had been made to the solar sys-

tem, since the days of the Chaldeans. As for other solar

systems they were scarcely dreamed of. Aldebaran, "the
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fixed star, the star which changeth not;" Sirius, and the

rest, were but lights in the sky which exercised a weird

and mysterious influence over the destinies of men, and

were studied by sages to that end. The beginning of the

Nineteenth Century, 1801, saw the discovery of Ceres, the

first of the asteroids; five more were found between that

date and 1847, and since then more than four hundred

minor planets, belonging to the same system, have been

catalogued. The discovery of the planet Neptune, in

1846, was the result of a triumph of mathematical reason-

ing which confirmed the Newtonian theory. As recently

as 1836, Auguste Comte had maintained that the measure-

ment of the distances of the stars was an impossibility;

the Newtonian theory incapable of proof; and that the

chemical composition of the fixed stars must forever

remain a secret to mankind. Three years after this dic-

tum, Bessel had measured the distance of the star sixty-

one Cygni, and Newton's theory had been abundantly

proved. Now the invention of the spectroscope, com-

bined with the discovery of spectrum analysis, enables us

even to study stellar chemistry.

One hundred years ago we knew so little about the

chemistry of our own world that oxygen was a brand new

discovery. Since then, what vast advances have been

made in chemistry alone ! Its range is almost boundless.

Man has penetrated to the innermost secrets of matter, and

has applied his knowledge in a thousand ways to the arts.

It is not too much to expect that before long he will possess

the secret sought by the philosophers of old and be able

to transmute baser substances into gold.

Marvelous, indeed, is the progress which has been

made in the physical sciences during the Nineteenth Cen-

tury. Three achievements alone are sufficient to crown

the age with glory. These are the doctrines of the mo-
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lecular constitution of matter, the determination of the

mechanical equivalent of heat, leading to the theory of the

conservation of energy; and the doctrine of evolution, as

divined by Darwin.

The principles of philosophy have been brought to bear

on the complex phenomena of the atmosphere, and meteor-

ology has grown to be more and more nearly an exact

science. Not only are cyclones, hurricanes, tornadoes,

hail-storms and blizzards foretold, but the weather bureaus

predict the slightest shower or the lightest changes in tem-

perature.

One discovery leads to another and science has been

applied to a myriad of practical uses. One hundred years

ago man possessed the germ of electricity which has devel-

oped so wondrously during the century. It was regarded
as little more than a costly toy. Now we have the tele-

graph, the ocean cable, the electric railway, the telephone,

the phonograph, the gramophone, the telautograph, the

kinetoscope and the Roentgen rays. Only to mention

these things is to use words never heard a hundred years

ago, though so familiar now. To-day electricity rings

bells, opens and locks doors, lights and heats dwelling?,

drives fans, works sewing machines, does cooking, moves

elevators. It is even used to illuminate the fin dc sicclc

Christmas tree.

Steam is another giant which was a puny infant in

1800. Robert Fulton, the first man to make a success of

a steamboat, launched the Clermont on August 4, 1807.

Tt took thirty-two hours to make the trip from New York

to Albany. The magnificent ocean greyhound of to-day

travels from New York to Liverpool in six days. Steph-

enson's first locomotive, built in 1814, traveled only six

miles an hour. The first public steam railway was not

operated until 1825. At that time there was not a mile of
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railroad in the whole United States. To-day there are

445,064 miles of railroad in the world, the mileage of the

United States being nearly half that of the wrorld.

The steam engine dates from the last century, but

many and various have been the improvements of and

developments from the older machines until, to-day, to

take a single example from thousands, the modern print-

ing press prints, pastes, folds and counts 90,000 four-page
or 24,000 sixteen-page papers an hour. In the art of print-

ing the typesetting machine is a marvel. By its use melted

metal is run into type set up and ready for the column

before leaving the machine.

The cotton and woolen industries have grown enor-

mously during the Nineteenth Century, owing to the mar-

velous application of machinery and steam to all branches

of the trades. The cotton gin and the spinning jenny were

inventions of a previous age, but to our own time belong
multitudinous developments of these humble beginnings
as well as innumerable other aids to the spinners' and

weavers' arts.

Ice-making and refrigerating methods and machinery
and coal-handling devices are wonders of recent invention,

as are numerous and infinitely varied methods of transpor-

tation. Not only have we the steamship and the railway

but many kinds of electric cars, horseless carriages, electric

and gasoline, besides the bicycle, whose use has become so

general. The air is navigated by balloons and flying

machines, which, though still somewhat imperfect, are

wonders of inventive genius.

The first effective sewing machine was not made until

1845. Since then how rapidly have sewing machines been

improved and adapted to every variety of work ! There

are now special machines for making button-holes and

sewing on buttons, for embroidery, for carpet sewing, for
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leather work and for making and repairing shoes.

Another remarkable mechanical invention of the age is

the typewriter. Many were the difficulties to be over-

come in perfecting this complex machine, yet, so great are

the resources and ingenuity of modern machinists that the

problems have been solved in many different ways.

At the dawn of the century there was not only no elec-

tric light, but there were few lamps and little gas. As for

matches, their place was filled by tinder, flint, and steel.

It is well-nigh impossible to realize the darkness of the

time. The methods of illumination at the end of the

Eighteenth Century were almost identical with those

which had been used throughout the whole period of his-

tory. The usual lamp of one hundred years ago was con-

structed on the simple principle of those of ancient Greece

and Rome, and consisted of a clay cup containing a little

melted animal fat and a fibrous wick, but torches and tal-

low dips were the general mode of illumination even

among the well-to-do. Argand burners were introduced

at the very end of the Eighteenth Century, but they were

not sufficiently improved or cheapened to come into use

before 1830. Gas was first used for out-door illumina-

tion in 1813, when Westminster Bridge, London, was

lighted by it. Since then, its use has spread all over the

world. A great step in human progress was achieved

when man, who for ages had revered or feared gas as a

demon, made it his servant and tamed it to his uses. This

great feat of illumination was not enough for this wonder-

ful century, surpassing though it did the accumulated

efforts of ages. Since Franklin caught the lightning with

a kite and a key, electricity, the Nineteenth Century mir-

acle, has rapidly supcrcedcd gas, making bright the dark-

ness. Its searchlight penetrates the deepest caverns, ren-

dering the miner's lantern a thing of the past; it explores
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the depths of the ocean, nay, more, science has taught it

to serve the surgeon, for it illumines the opaque and

exposes the interior mechanism of man without the aid

of a knife.

How beneficent, generous, helpful is the science of

to-day ! The practice of surgery and medicine have under-

gone magical changes through her tuition. The combined

uses of anaesthetics and antiseptics have almost revolution-

ized surgery, robbing the knife of its terrors and rendering

possible a multitude of tedious and difficult life-saving

operations. Yet not until 1847 did the era of anaesthetics

begin, enabling the surgeon to eliminate the agony of his

patient, and to perform his boldest feats with quiet con-

fidence and leisure.

In popular estimation, perhaps justly so, the establish-

ment of the doctrine of evolution is considered the greatest

scientific achievement of the Nineteenth Century.

Through it the mental horizon has been immeasurably

enlarged. Darwin's name is inseparably connected with

evolution, but evolution is greater than Darwinism as the

whole is always greater than a part. Under the laws of

evolution have been brought the stellar universe and solar

and planetary systems no less than the species of plant and

animal creation. Astronomers, geologists, and biologists

have constructed and established, bit by bit, a beautiful

theory of the development of all things. Modern geology
is almost entirely a growth of the Nineteenth Century
while biology, a hundred years ago, was studied only under

the misleading name of "natural history." When the

century was young, there were educated men who gravely

maintained that fossils were "sports of nature," created

already dead and petrified. As late as 1857, Gosse, the

English naturalist, held that all the evidences of convul-

sive changes and long epochs in strata, rocks, minerals
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and fossils were simply "appearances," all created at the

same time. As advances were made in physics and chem-

istry, men began to comprehend the secrets of the forma-

tion of the earth. While astronomy steadily advanced

toward the proof that the physical forces at work in the

infinitude of space are the same as those at work on earth,

geology, in carrying us back to immeasurably remote

periods of time, taught that the same laws have been in

operation from the beginning.

Many have been the practical applications of the cen-

tury's discoveries in the field of biology and enormous

their influence on the practice of medicine. The discover-

ies of the cell theory and the science of embryology, the

germ theory of disease and the nature and function of the

white blood corpuscles or leucocytes have all been turned

to account. Men such as Pasteur and Koch have devised

ways to render powerless the most dreaded zymotic dis-

eases and put to flight the deadly bacilli.

At the dawn of the century psychology groped be-

wildered in the darkness of abstract metaphysics. The

sciences of man, language, societies and of religion were

unborn. Questions as to the antiquity of man had not

arisen. The figures of speech of Moses were interpreted

literally, and the universe was believed to have been cre-

ated exactly as it is now, only six thousand years ago.

Now we know that its origin goes back through aeons of

time. Anthropology, philology, sociology and the science

of religions, children of the Nineteenth Century though

they be, have attained full stature during the one hundred

years through the triumph of the comparative method of

study. The history of the growth of articulate speech and

of all language has been sought and found, as has the

history of the development and growth of most of the

customs and institutions of man. Not only have the sto-



ries of the ancient civilizations on the banks of the Tigris,

the Euphrates and the Nile been traced out for us in be-

wildering detail, but we have been made conversant with

the minutest particulars of the life of pre-historic man.

With pick and spade the devotees of anthropology and

archaeology have laid bare the secrets of old Mother Earth.

While one army of workers has been examining the

history of the past ages, others have been solving the

problems of the present. A wonderful advance has been

made in institutions of every kind during this most mar-

velous century. Slavery has been abolished among civil-

ized nations and the slave traffic driven from the high

seas; popular education is the rule in enlightened coun-

tries, so that every child is now taught to read, write and

cipher; higher education for women is an established fact

and free schools and colleges place thorough education

within the reach of every young man and woman who is

willing to take the trouble to obtain it. Reform has

changed government prisons from dens of fever and cor-

ruption into sanitary places of restraint. Comfortable

hospitals under the management of expert physicians and

capable nurses open their doors to the sick. Insanity is

dealt with as a disease, and not as a crime; the deaf hear;

the dumb speak, and the blind are well-nigh as efficient as

those who see. Free libraries in every town of any im-

portance yield the treasures of the great minds of the ages

to all. The price of books is so low that every working-

man may possess his own library; lithography and the

engraver's art illustrate ten cent magazines with pictures

which fifty years ago were beyond the reach of all save

the rich; while he who wishes to present his likeness to

a friend has the sun for a painter and is no longer obliged

to pay hundreds of dollars for a portrait. The news of

the world may be had for a penny within a few hours of its
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happening, and for a few cents private letters are carried

by steam to the antipodes.

Not least among the achievements of the Nineteenth

Century is what has been done for the farmer, and through
him for the hungry world which he feeds. A hundred

years ago wooden plows were in use not dissimilar from

the one driven by Elisha of old. At that time there were

no reaping machines. In the heat of midsummer, with-

out protection from the broiling sun, the working men
of the world gathered the harvest, sickles in hand, while

the women crept after them and kneeling bound the

sheaves. So trying was the work that double wages were

paid for harvesting and farmers engaged their men months

ahead of time. A little more than fifty years of Ameri-

can invention has changed all this. Seedtime and har-

vest are no longer dreaded, for wonderful machinery
has come to man's aid. lie does his plowing, riding com-

fortably over the fields, sometimes drawn by horses,

sometimes propelled by steam
;
and the plowing and har-

vesting of the great wheat fields of the West are less labor-

ious than was the cultivation of a few acres in former

times. Wheaten bread is no longer a luxury for the few,

and the five-cent loaf, kneaded and baked by steam, is

sufficient to breakfast a family. American farm machin-

ery is used all over the world. To such an extent has the

industry of producing it grown that 150,000 self-binding

harvesters, each doing the work of twenty men, are made

annually.

Among the great engineering feats of the age are mar-

velous bridges built of iron and steel suspended or arched

over chasms or waters long thought to be unspanable.

Accounts of the mechanical skill of the Egyptians have

come down to us through the ages. Vestiges of their

engineering works have been found buried in the sands of
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centuries, proving that the mighty men of the Nile pos-

sessed secrets lost long ago and not re-discovered until

the Nineteenth Century; but that which Pharaoh-Necho

attempted and failed to do, long before the time of Christ,

was accomplished when the Isthmus of Suez was cut

through allowing ships to sail entirely around the con-

tinent of Africa. Innumerable other canals have been

constructed by the ingenuity, skill and patience of the

engineers of to-day, who have likewise built great tun-

nels, blasting their way through mountains, driving

"shields" under rivers and forcing "needles" under city

streets. The congested condition of the business districts

of large cities has called forth a new style of architecture

and lightly built edifices of steel, lift story after story sky-

ward, rivaling the Tower of Babel. Many and various

are the obstacles overcome in the erection of these big

business buildings with cantilever and truss innovations,

and a legion of necessary or ornamental appliances or ap-

purtenances. Recently the growth of these office build-

ings has been checked by legislation in many cities, but

sixteen or twenty story structures are by no means rare.

The engineer has brought his skill to bear on mining
and mining machinery so that methods of drilling, boring,

blasting, sinking shafts, exploring, excavating, and ore

extracting have completely changed during the century.

What used to be done by hand is now performed by the

mighty giants, steam and electricity. Closely connected

with the improvements in mining are the achievements of

metallurgy, including the inventions of Bessemer and Sie-

mens which have so vastly increased the possibility of the

steel industry, not only cheapening steel, but conducing

to many other wonderful results. Another achievement

of the age is the invention, or discovery, of acetylene gas,

which may do away with coal gas as an illuminant, and
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there are processes by which that most useful metal of the

future, aluminum, is obtained and cheapened. During
the century there have been marvelous innovations in

water wheels, producing great force, and the mighty

Niagara has been harnessed and utilized for power pur-

poses. Air has been compressed and liquified and great

are its possibilities.

Not only have the gold fields of the Klondike, Aus-

tralia and South Africa been discovered in this cen-

tury, but most of the inexhaustible mineral resources of

the Western Hemisphere have been found and made
known to the world since 1800. It is difficult to imagine
how mankind got along without the silver of Nevada and

Colorado, the gold of California, and the coals and

petroleum of Pennsylvania, West Virginia and New York,

to say nothing of the wealth hidden in the mountains of

Central and South America.

The exploration and development of unknown parts of

the globe during the century has been phenomenally rapid

and extensive. A large part of the history of America

and of Australia has been the history of courageous, per-

sistent and successful exploration, "wherein the track of

the explorer, serving instantly for the trail of the pioneer,

has broadened into the wagon road of invading immi-

grants." Light has been thrown on darkest Africa,

through the unwearying effort of men, such men as Liv-

ingston, Du Chaillu and Stanley ;
land has been discovered

and explored in the Antarctic region of snow and ice, and

intrepid men have conducted with extraordinary patience,

fortitude, and enterprise, one expedition after another in

search of the North Pole. All this discovery and open-

ing up of new worlds has played a vast part in the progress
of man in commerce, science and civilization, and is to be
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accounted one of the mightiest achievements of the

century.

Not only in the arts of peace has man taken great for-

ward strides. Methods of warfare have been completely

revolutionized by recent improvements in armor and guns,

by fearful projectiles, by sub-marine boats and their

deadly explosives, and by smokeless powder. Arbitra-

tion frequently prevents war, thereby saving thousands of

lives and prophesying a time when battles shall be no

more. Human life is more highly valued now-a-days.

Capital punishment in civilized countries is administered

for only the gravest offenses. There have been wonderful

improvements in lighthouses and life-saving ocean and

sea devices, and the Red Cross physicians and nurses and

the hospital tent or ship, follow army and navy.

Wonderful has been the part that the United States

has taken in the multitude of astonishing achievements of

the Nineteenth Century always abreast of the times,

often leading. Yet in 1800 the Republic was less than

twenty-five years old, so that her greatness and eminence

of itself is a growth of the century. In 1800 a country
with only 5,308,483 inhabitants, hugging the seacoast, the

United States has grown to an immense area and to a pop-
ulation of nearly 75,000,000. Struggling during the pe-

riod with grave domestic problems, many of them entirely

new, learning, growing, building, organizing; to-day the

United States leads the world in wealth, mining, agri-

culture, fisheries, forestry, transportation, education and

almost every field of endeavor. Her own development

chiefly an achievement of the century, she has led in mak-

ing the Nineteenth Century the age of greatest

achievement.



TRANSPORTATION

Many are the methods of transportation which have

been in use throughout the centuries, but the customs of

civilized man to-day differ from those of a hundred years

ago more than those of 1800 differed from those of the

first year of the Christian era. Travel in some parts of

the world is still as slow and as torturous as it was in

the days of old. The jolting of the dilligencies of South-

ern Europe and of the bullock wagons of Africa are

provocative of extreme discomfort, and although sledge-

riding over the frozen steppes of Siberia may be the

poetry of motion, it must be seriously alarming to hear

wolves howling on one's track. When an African King

journeys riding pick-a-back, or a Chinese lady of rank

takes an airing in a dark chair, their methods of travel

are far from up to date
;
but they are not fit representa-

tives of the age. Nineteenth Century man has tamed
steam and electricity, marvelous steeds, indeed. Yet
when this wonderful Century dawned on the world our

ancestors were able to travel no faster than were Abra-
ham and Sarah when the world was young. The ass for

patience, the camel for endurance, and the horse for speed
were the best the world afforded for travel for thou-

sands of years.

At the beginning of the Century land journeys were

made by stage coach and the sedan chair still carried my
lord and lady about town, although there were a good
many new-fangled vehicles, such as landaus, landaulets

and barouches, with clumsy iron and wood cross beds

instead of springs. During the first quarter of the Cen-

H



TRANSPORTATION 15

tury carriage building made great progress, and cabs and

curricles, gigs and whiskies rode down the now anti-

quated sedan chair.

At this time the common people walked or, in the

country, rode in the carrier's cart; the usual mode of

traveling was on horseback, the husband astride the sad-

dle and his wife behind on a pillion with her arms tight

around his waist to keep from falling. The pack-horse,

clumsy wagons, and the canal boat were generally used

for the transportation of merchandise, while people, in

the main, performed their long journeys by stage coach or

the carrier's cart.

In the year 1804 Obadiah Elliot, a coach-maker, pat-

ented a plan for hanging vehicles upon elliptical springs,

thus dispensing with the heavy iron and wood beds that

had been invariably used in four wheel carriages up to

that time. In 1814 there were 69,200 carriages in Great

Britain. Dogcarts and tandem-carts had their origin in

the beginning of the Century, as did a daring vehicle

called the "suicide," which carried to an extreme the

passion for lofty perches from which to drive.

In 1829 the first public omnibus appeared in London.

Victorias became popular in 1869. The buggy is an

American invention of the first part of the Century. It

gained much admiration from English coach-makers,

who were surprised at the extreme lightness, ease and

durability with which it could travel over rough roads.

The coaches, landaus, broughams, spiders, runabouts,

game carts and dogcarts of to-day show to what extent

the carriage manufacturer has developed his art. They
are models of grace and beauty, and infinite in their

variety. Wagons have undergone as many improvements
as carriages during the Century. There are appropriate

wagons for every use in city or country. The use of
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steam and machinery in their manufacture has cheapened
the price of vehicles and enabled great factories to build

them by thousands, but the carriage of the millionaire or

monarch of to-day may cost two or three thousand

dollars.

This remarkable prophecy was made in 1781 in a

poem published by Erasmus Darwin :

" Soon shall thy arm unconquered steam afar,

Drag the slow barge or drive the rapid car.''

As early as 1787 Oliver Evans, of Philadelphia, is

said to have invented a steam carriage, or locomotive, a

model of which was sent to England. America can thus

claim to have built the first locomotive, although the

honor of having done so is usually ascribed to Great

Britain. On Christmas Eve, 1801, according to some

authorities, Richard Trevithick made the first trial of his

locomotive at Cambourne, carrying the first passengers
to travel by steam. There is confusion, however, as to

the dates of the trial trips of Trevithick's engine,

although it was certainly exhibited both in London and

\Yales prior to 1809, attracting much attention on the

Merthyr Tydvil line. To quote a newspaper of the time,

it ''traveled with ease at the rate of five miles an hour,"

and conveyed "along the tramroad ten tons long weight
of bar iron from Penydarren iron works to the place

where it joins the Glarmorganshire canal, upwards of

nine miles distant
;
and it is necessary to observe that the

weight of the load was soon increased by about seventy

persons riding on the trams, who, drawn thither (as well

as many hundreds of others) by curiosity, were eager to

ride." Trevithick's locomotive was but little more than

a model. It was full of imperfections and, being unable

to make stearn, could not travel fast or draw a heavy load.

It remained for the Stephensons. father and son, to pro-
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duce the modern locomotive. George Stephenson's first

locomotive was made in 1814, and from that year the

invention of the locomotives is generally said to date.

The first public steam railway in the world was

formally opened in England, September 27, 1825. The
Stockton and Darlington was thirty-eight miles in length.

The line was laid with both malleable and cast iron rails,

and cost 250,000 pounds. Its opening was attended with

great curiosity and excitement. There was to be a com-

petition between various kinds of motive power horses,

stationary engines and a locomotive being tried. The

train consisted of six loaded wagons, a passenger car-

riage, twenty-one trucks fitted with seats and six wagons
filled with coal. George Stephenson drove the locomo-

tive. "The signal being given," says a writer of the

time, "the engine started off with this immense train of

carriages, and such was its velocity that in some parts

the speed was frequently twelve miles an hour, and the

number of passengers was counted to be 450, which,

together with the coals, merchandise, and carriages,

would amount to near ninety tons. The engine, with its

load, arrived at Darlington, travelling the last eight and

three-quarter miles in sixty-five minutes. The six wagons
loaded with coals, intended for Darlington, were then

left behind, and obtaining a fresh supply of water, and

arranging the procession to accommodate a band of

music, and numerous passengers from Darlington, the

engine set off again and arrived at Stockton in three

hours and seven minutes, including stoppages, the distance

being nearly twelve miles." The passenger coaches, with

their rough, uncomfortable seats, were in great contrast

to the plainest passenger cars of to-day, but people

crowded the "waggons" with feelings of mingled curios-

ity, delight, suspense and fear, and there were six hun-
VOI IO 2
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dred persons on the train when it returned to Darlington.

There was one coach, however, which was the precursor

of the luxurious drawing-room car of to-day. This was

the "Experiment," an invention of George Stephenson's,

built like an omnibus, with the door at one end, seats

down each side and a deal table in the aisle. This well

appointed coach was a success, and was used for some

time afterward on the Stockton and Darlington Railway

line, being drawn by horses.

In 1829 the Stephensons invented the steam blast,

which, continually feeding the flame with a fresh supply

of oxygen, enabled the "Rocket," their prize engine, to

make steam enough to draw ten passenger cars, at the

rate of ten miles an hour.

In 1830 the Liverpool and Manchester Railway was

opened in spite of bitter opposition from landowners

and canal companies, who sought in every way to prevent

the building of the road. The surveyor and his assistants

were attacked with guns and pitchforks and sticks.

"I was threatened to be ducked in the pond if I pro-

ceeded," says the engineer, "and, of course, we had a

great deal of the survey to take by stealth at the time

when the people were at dinner. We could not get it

done at night and guns were discharged over the ground
to prevent us."

The writers of the day denounced the railway in

magazines and newspapers. Pamphlets were written

against it, and it was even opposed in Parliament. Said a

quarterly reviewer of the time, commenting on a pro-

posed line to Woolwich, which was to go at twice the

speed of stage coaches:

"The gross exaggeration of the powers of the locomo-

tive steam engine
:|: * *

may delude for a time, but

must end in the mortification of those concerned. We
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would as soon expect the people of Woolwich to suffer

themselves to be fired off from one of Congreve's rockets

as to trust themselves to the mercy of such a machine

going at such a rate."

It was declared that poisoned air from the locomo-

tives would kill birds and render the preservation of

foxes impossible, that hens would stop laying and cows

cease grazing. The people were told that should the use

of railways become general, there would no longer be

any use for horses, that the species would grow extinct,

and oats and hay become unsalable. But George

Stephenson was strong enough to withstand all attacks.

It was while he was undergoing examination from a

Parliamentary committee that the familiar anecdote

about the relative strength of the locomotive and the cow

originated.

''But suppose, now, Mr. Stephenson, one of these

engines, going along a railroad at the rate of nine or ten

miles an hour, should encounter a cow
;
would not that be

bad, think you?"
"Yes," replied the Scotch engineer, with a smile,

"varra bad for the coo."

Even after the building of the railway the directors

hesitated about employing steam locomotives; but after

the triumph of the "Rocket," in 1829, the power to be

used for tractive purposes was finally settled, and the

Liverpool and Manchester Railway became a success be-

yond the wildest dreams of its promoters. Many other

lines were built, and the British people soon became

accustomed to railway traveling. Very odd were the

clumsy cars of those times. Most of them were open at

the sides and protected only by rude awnings. Some of

them contained benches, but in others it was necessary to

sit on the floor. The first-class and mail train was en-



?o REMARKABLE ACHIEVEMENTS

tirely covered in, and was tolerably well seated, but the

most comfortable way of traveling was in one's own fam-

ily coach, hoisted on a truck attached to the rear end of

a train. This method of journeying became very fash-

ionable with aristocratic folk.

The Stephenson locomotives, having but little side

play to their wheels, were unable to go around sharp
curves. Lines were, accordingly, made as straight as

possible, and vast sums of money were spent in making

easy grades. Deep cuts, costly tunnels, and bridges were

necessary, and all lines in England were made with easy

grades and slight curves.

Belgium is credited with being the first country on

the European Continent to have a railroad. In conform-

ity with a government decree, issued in July, 1834, Pierre

Simin prepared plans for railway communication

throughout the kingdom, and the Brussels and Mechlin

Railway was opened for traffic on May 6, 1837. Rail-

roads for general traffic were introduced in France in

1839, nearly ten years after the opening of the Manches-

ter and Liverpool line.

While the period between 1825 and 1830 was preg-
nant with railway movements, it can scarcely be said that

any railway was successfully operated in the Americas

before 1830, when the Baltimore and Ohio Railroad

opened its first section of fifteen miles from Baltimore to

Ellicotts Mills. The first genuine locomotive in use in the

United States was the "Stourbridge Lion," which made

its trial trip several months before the opening of the

Baltimore and Ohio road, on a railway connecting the

coal mines of northeastern Pennsylvania with the Dela-

ware and Hudson Canal. From 1830 to 1835 many lines

were projected, and at the end of 1835 there were over

a thousand miles of railway in use in the United States.
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In 1831 the Baltimore and Ohio Railroad offered a prem-
ium of $4,000 "for the most approved engine which shall

be delivered for trial upon the road on or before the first

of June, 1831 ;
and $3,500 for the engine which shall be

adjudged the next best." The first prize was won by the

"York," built at York, Pennsylvania, after plans drawn

by Pheneas Davis, a watch- and clock-maker.

The celebrated locomotive "John Bull" was built by

George and Robert Stephenson and Company, and was

imported from England in 1831. This engine was ex-

hibited by the Pennsylvania Railroad Company at the

Centennial Exhibition at Philadelphia in 1876, and at the

Columbian Exposition at Chicago in 1893.

Many locomotives were imported from England dur-

ing the early days of the American railroad, serving,

doubtless, at first, as models for American engine build-

ers, but owing to the different conditions in the United

States the American locomotive soon acquired a distinct

individuality. Discarding precedent, our engineers in-

vented and modified whenever they saw fit, and Yankee

ingenuity made so man)'' improvements that to-day

American locomotives are acknowledged superior to all

others, and are exported to every country which the rail-

way has penetrated.

Necessity was the mother of invention; the money
which Great Britain lavished on deep cuts and expensive

tunnels was not forthcoming in the young republic, so

the engineers of the United States put their wits to work

and devised flexible locomotives which will round any

curve, and ascend steep grades without difficulty. The

chief and most important of these inventions is the swivel

truck, which, placed under the front of the car, enables

the driver to make a sharp turn with perfect safety, thus

avoiding both the Scylla of a tunnel and the Charybclis
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of a long detour, and saving millions of dollars in railroad

building. Prior to its invention, it was supposed neces-

sary that the track must be built in a bee-line, and the

serpentine track which climbs mountains, and rounds hills,

was deemed impossible.

As was done for the railroad of the Czar, which he

commanded should run in a straight line, the engineers

bored through mountains and rilled in chasms regardless

of expense. By means of the equalizing lever, another

great invention, the weight of the engine is always borne

by three out of four or more driving wheels. This pre-

vents the locomotive from running off the rails, even

when the track is a rough one, and the roadbed is un-

completed. Of late years swiveling trucks have been ap-

plied to cars as well as to engines, so that the modern
train of a score of cars follows the locomotive with exact-

ness and safety, and hugs the side of a mountain, where

the track is laid actually on a shelf hewn in the rock, with

utter disregard of the law of centrifugal force. During
a period of less than seventy years, our railways have

grown from small beginnings to rank among the won-

ders of the world, and the improvement in their equip-

ment has kept pace with their rapid growth.
Peter Cooper's locomotive, built in 1830, had great

difficulty in exceeding the speed of a good horse; the

locomotive of to-day, which pulls the limited express,

makes sixty miles an hour as a regular thing, and can

increase it to seventy upon occasion.

The provisions of all sorts made for the comfort and

safety of the passengers render travel a luxury, and the

advertising illustration of a modern railway company,
which depicts a party of travelers, descending from a

Pullman car, freshly garnished and trim, guiltless of the

dust, and free from the fatigue, of the journey, is scarcely
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exaggerated. Passengers are carried, literally, from one

point to another "on flowery beds of ease," and trips of

a thousand miles are reckoned as pleasure excursions.

The old iron track with its dangerous flat rail has given

place to Bessemer rails, which nothing but time or fire

can loosen from their place. The antiquated method of

signaling by the frantic waving of flags has been super-

seded by electricity, which displays the signals high in

the air, where "he that runs may read." Double and

quadruple tracks, so that no two trains on crowded roads

run in opposite directions, do away with all danger of col-

lision, and the wobbly truck on which the rich man of a

past generation was conveyed in his own coach, from

point to point, is replaced by the drawing-room vesti-

buled car of to-day, "with kitchen, chambers, dining-

-room and parlor, all complete." Some of the trains de

luxe being provided not only with libraries, and writing-

desks, but with type-writing machines and operators, all

of which may be enjoyed, while the train runs as smoothly
as a skater on ice, or a sled upon snow.

The railway mileage of the United States in 1830 was

less than sixty miles, including tracks for all purposes;

to-day it amounts to 182,746.63 miles, nearly half that

of the world.

There are now in actual use 35,810 locomotives, 25,-

275 passenger cars, 8,133 bag and mail cars, and 1,229,-

335 freight cars. The number of passengers carried in

1897 was 504,106,525; the number of tons of freight

transported, 97,842,569,150; the gross earnings of all

the railroads in the United States combined aggregating

$1,123,54.6,666, or over $3,000,000 per diem.

The remainder of the railways of the world are dis-

tributed through almost every corner of the globe; the

enterprising Anglo-Saxon has introduced his chariot of
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fire wherever he himself has penetrated. It is quite it?

opposition to the fitness of things to fancy the journey
to Jericho as made by railway, but not only does the

modern tourist go from Jerusalem to that ancient city of

the Bible, in a steam-car, but there is also a railway which

runs from Joppa to Jerusalem. This last, the Jaffa -Jeru-

salem Railway, was opened August 27, 1892, when the

first train ran from the ancient seaport to the City of

David. This road, fifty-three miles long, cost $2,000,-

ooo to construct, and the price charged for a first-class

ticket for the round trip is $4. The Hindoo railway sys-

tem, as might be expected under British rule, is the most

complete and best stocked of all the Asiatic railway sys-

tems. Japan comes in a good second, with American-

built locomotives, Bessemer rails, and engineers who have

learned their trade in the United States.

The street railway company is a recent institution,

and has been in general use for comparatively only a few

years. The first application of the railway track to short-

distance passenger traffic was not made until 1831, when

John Stephenson tried the experiment in New York. The
track was of flat bars, spiked to timbers laid on stone,

and the car, one only, resembled an omnibus, built in three

sections, with thirty seats inside, and thirty on the roof,

making sixty altogether. Horse-power propelled it, and

its route was from Prince Street to the Harlem River,

along the Bowery and Fourth Avenue. In 1852, the Sec-

ond, Third, Sixth, and Eighth Avenue lines in New York

were begun with cars much like those used nowadays.
Boston had no street-cars until 1856, nor Philadelphia

until a year later, in 1857. Horse-cars were introduced

into Paris in 1858, but it was not until 1870 that a tram-

way was permitted in London, and even now they are

not allowed in the center of the city. They multiplied
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rapidly in the suburbs, however, and during the twelve

years following, 671 miles of track for horse-cars were

laid in Great Britain. To-day there are street-cars in

operation in every country in Europe, and also in Africa,

Asia, in Japan, India and Ceylon, Australia, New Zea-

land, and in various parts of South America, as well as

Manila, and in Honolulu.

It was not until 1873 that cable-cars were introduced.

Prior to that date all street-cars were drawn by horses.

The first cable-car was used in San Francisco in 1873.

The experiment \vas abundantly ridiculed, as has been

many another successful invention, and the steam-car

among them, only half a Century before.

The new departure proved a triumphant success, and

street-railways became possible on the steep hills which

had been insurmountable to horse-cars another instance

of the manner in which American inventors always rise

to the emergency.
The first city to follow suit was Chicago, in 1881, and

in 1883 Philadelphia ran her first cable-cars on Market

Street. The franchise in both cities belonged to the same

company, and it has made its owners multi-millionaires.

New York fought their introduction fiercely, and did not

yield until 1 886, while there were no cables in Baltimore

until 1893. London built its first cable road in 1884, and

New Zealand preceded the mother-country by a year, in

the uses of the new means of locomotion.

The trolley-car is a yet more recent innovation. As

early as 1835, Thomas Davenport, of Brandon, Vermont.

constructed an electric car, operated on a circular track,

but he made no more than the model. In 1851 an electric

locomotive, which attained a speed of 19 miles an hour,

was tested on the Baltimore and Washington Railway,
but the first electric raihvay to prove a financial success
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was not built until 1881, when Siemiens and Halaske

operated one in Germany. There was intense prejudice

against the electric railway in the United States on

account of the danger from live wires, a prejudice fully

justified by the number of casualties which occurred dur-

ing the first years of their use
;
but experience taught the

safe management of the deadly fluid, and the trolley-car

is now among the institutions in every town in the coun-

try. Horse-cars every year grow rarer, and the trolley

is fast superseding the cable in the large cities. Elevated

and underground railways are successfully operated in

various European and American cities, wherever the

problem of rapid transit through crowded streets renders

surface tramways dangerous, not to say deadly, and elec-

tricity is becoming more and more general as their motive

power.
As yet the great expense of substituting electricity for

steam upon railroads has prevented its adaption to loco-

motives, but experiments have proved that a greater rate

of speed is possible to both locomotives and steamships,

by the use of electricity, than by that of steam, and that

it is possible to obtain more electric power than steam

power from the same amount of coal, while the water-

falls have been utilized so that in all probability electricity

will be the motive power of the future. Still there is talk

of a coming rival. Compressed air is another propeller

successfully used for locomotives and engines. It is kept

both in storage batteries and in tanks, and is much liked

not only for its results as to speed, but on the grounds of

economy, cleanliness, and safety.

It is said that the progenitor of the modern bicycle

existed nearly two hundred years ago, for there is a figure

of a two-wheeled hobby-horse, on a stained-glass win-

dow in Stoke-Pogis Church, Bucks County, England,
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which window is 190 years old. Back in the beginning of

the last Century, a strange device, called a hobby-horse,
was introduced among novelties in vehicles. It was con-

structed with two wheels, joined tandem, by a frame of

wood. The saddle for the rider was on this midway be-

tween the wheels. He, the rider, propelled the machine

by means of long strides taken on the ground. Its mo-

tion was restricted to a straight line, and locomotion

therewith was tiresome, and chiefly valuable for purposes
of exercise.

Still the earliest velocipede worthy of the name was

a clumsy contrivance, which was patented in 1816, in

France, by one Baron von Drais, under the name of the

pedestrian curricle. Two years later, an improved form

of the "Draismene" was introduced into England, but

being impractical and clumsy, it met with ridicule rather

than success. "When it crossed the Atlantic in 1819, it met

with more success in the United States, and was quite the

fashion for a little while, although the fancy for it soon

died out. The next step in the evolution of the bicycle

was not made until 1846, when a Scotchman named Dal-

zell invented a wooden safety bicycle, which, though a

great improvement upon anything which had preceded it,

was not sufficiently practical to be adopted to any ex-

tent. Velocipedes and tricycles of various patterns were

patented in the United States, and were popular, chiefly

for children and cripples. In 1869 M. Michaux, of Paris,

invented a bicycle in which the front, or driving, wheel

was very much larger than the rear wheel. Just about

this time velocipede-riding was the rage in the United

States. Rinks and riding-schools were opened in all the

larger cities, and the fashion was almost as great as that

for roller-skating a few years later. The fast youth of

the period called the popular velocipede of the day, the
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"bone-shaker" and it required some dexterity to manage
it. This had wheels of nearly equal size, the pedals being

applied directly to the front wheels. The rider's position

between the two front wheels was an uncomfortable one,

and the clumsy machine well deserved its name.

The first bicycle of iron and steel was invented by
another Frenchman, M. Mayer, also of Paris. Later on

the principle of crank action, as applied to revolving

wheels, becoming understood, the era of the bicycle was

fairly inaugurated. Rubber tires and strong brakes ren-

dered the motion easy, and one by one clever mechan-

icians discovered improvements which have rapidly made

the machine the beneficent institution which it is to-day

an actual comfort to thousands of men and women, who
find in it a pleasant means of exercise and recreation.

The high wheel of fifteen years ago was not ungraceful

when ridden by an expert, but it was dangerous at best,

and was wholly unfit for the use of women. So the low

safety wheel made its appearance in 1883. The girl of

the period soon found that she could ride her brother's

wheel as well as he could, and the obliging American

manufacturer forthwith made one specially adapted to

her use, to be rewarded by the sale of as many as he could

make. No one now doubts that the bicycle has come to

stay. Its use has spread all over the world, and the prej-

udice against it which at first existed has almost disap-

peared. Persons of both sexes, from the small boy and

girl to the gray-haired grandfather and grandmother, in

all stations of life, ride it for pleasure and for health, and

it is every day more and more used for business purposes.

The motor-cycle, or automobile, is yet another aston-

ishing product of the Nineteenth Century. Although its

germ was evolved as long ago as 1769, when a French

army surgeon rigged up :i rnm-carriage and a big copper
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boiler in such wise that it was driven by its own power.

In 1784 a road-engine was invented by a Cornishman, and

in 1786 William Wymington designed a carriage which

was propelled by a locomotive behind. The Orleton

Amphibolus was a curiosity in Philadelphia in 1804. This

was an odd sort of vehicle, mounted on wheels, and run

by its own steam engine, which was part of the structure.

When finished it was driven successfully to the Delaware

River, where it was used for dredging the Philadelphia

docks. Inventive mechanics produced more or less suc-

cessful road-engines, until the appearance and perfection

of the locomotive brought railways into general use, and

the need for them no longer seemed apparent.

During the last decade the development of electricity

and the perfection of the steam-engine has set inventors

to devising new uses for them, especially for applications

of that wonderful invention, the storage battery. France,

where the roads belong to the government and are kept
as carefully as the walks and drives in a city park, has led

in the attempt to produce a carriage which should be

rapidly and economically propelled by a small storage

battery. The undertaking has met with fair success, and

tilt moto-carriage is too common a sight on the Parisian

boulevards to attract much attention from other than

tourists, while their use in American cities is rapidly in-

creasing. Bicycles are frequently run in the same man-

ner, and the use of the automobile is constantly becoming
more general. There is serious talk of making the omni-

busses automobilic, and some of the electric trams are

run by means of storage batteries without wires over-

head.

In 1894 an automobile race was held between Paris

and Rouen, and this was followed in 1895 by great races

on the highway from Paris to Bordeaux. At the Paris
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Automobile Exhibition, which was held in 1898, more
than 1,100 automobiles were on exhibition. Each one
of the number was submitted to a practical test before

being admitted to the show. Among them were horse-

less vehicles, of all sorts, including broughams, phaetons,

victorias, buggies, omnibuses, delivery-vans, and wagons
of various kinds

; tricycles and bicycles ;
mail-coaches and

excursion wagons, and odd-looking square vehicles,

which are merely square engines with two seats at the

back like a carriage, with the front cut off. They were

propelled by gas, petroleum, and naphtha ; by steam and

by electricity. For general use, the petroleum-gas

engine is considered by French experts to be the best and

most practical. This can be kept running, at a fair rate

of speed, for three hundred miles with a few gallons of

gasoline. Notwithstanding the fact that the first motor-

carriage was built in Fngland, France has made the idea

her own, and far distanced Great Britain in its develop-
ment. The English law has contributed greatly to this

result. Until recently, the laws of the United Kingdom
required that every motor vehicle on the Queen's high-

way must be preceded by a man, bearing a red flag, and

that it must not travel at a greater rate of speed than two
miles an hour. This antiquated law has lately been re-

pealed, and much interest was shown by the British public
in the recent exposition of motor-carriages held at the

Imperial Institute in London. In Germany the motor-

carriage has reached a high degree of perfection. Much
interest is felt in the automobile in the United States, al-

though the condition of most of our public roads is such

as to interfere greatly with its use to any extent.

In Ceylon several motor-carriages have been pur-
chased to carry the royal mails. The motocycle is at-

tracting much attention in India, where it is predicted
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that it will eventually supersede the use of the elephant,

the horse, and the camel. The great elephant catcher,

Stephenson, is said to be the pioneer in the use of motor-

carriages in India. It is reported that he makes use of a

steam motor on his hunts, and prefers it to any other

means of locomotion.

The steamship is a child of the Century, and a won-

derful change has been wrought since the day, less than a

hundred years ago, when the American clipper ship was

the queen of the seas, a greater change than had been

brought about from the days of Noah's ark down to the

beginning of the Century. The changes have been due

first to the application of steam as a motive power to ves-

sels and then to a change of construction from wood to

iron and steel. The application of steam to ships is, how-

ever, of earlier creation than the railroad. As with so

many other things the germ of the idea is to be found in

the discoveries of a previous Century. There are many
claimants to the honor, and although there is strong reason

for believing that Fitch was the pioneer, yet the first

practicable steamboat was the Clermont, constructed by
Robert Fulton in 1807. The Clermont, originally a canal

boat, was built to run on the Hudson. In order of con-

struction the Clermont was the sixteenth steamboat, but

it was the first to be used permanently. The trial was

made August 7, while throngs of people crowded the banks

to watch the sight, a few praying for success, but most

of them certain that it would be a failure. There was a

slight delay, but the boat went ahead on her trip and steam

navigation was an accomplished fact. Along her route

she was met with various emotions. Many people feared

her and ignorant country folk believed that the devil was

coming up the river after them and took to the woods with

their guilty consciences.
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The Clermont was a crude boat. She was 133 feet

long, 1 8 feet beam and 160 tons and made only five miles

an hour. But within a year two other boats built by Ful-

ton were running between New York and Albany, the

time being thirty-two hours, with a fare of $/. The

success of the experiment led to its imitation in England.
The Comet was launched upon the Clyde in 1812. It was

forty feet long and had a three-horse power engine.

These steamships were an important factor in the

development of the newly settled portions of the United

States. Before the days of the steamboat, methods of

transportation were primitive. For the most part settlers

made their homes along the banks of the great rivers of

the Western country. Their boats were at first composed
of such materials that after going down stream they could

be broken up and sold as lumber. Keel boats for the pur-

pose of ascending streams followed and these were pro-

pelled by long poles in the hands of the boatmen. Stand-

ing on the gunwale at the extreme bow of the boat the

boatmen thrust the pole into the mud, and setting their

shoulders against the top pushed the boat forward with the

feet in walking toward the stern, which reached, he would

draw up the pole and repeat the movement. In this

laborious mode of travel all the merchandise sent from

the East via New Orleans reached its destination. Four

months were required for the journey from St. Louis to

New Orleans. At Pittsburg in 1811 the first boat for

Western rivers was built and she made the trip to New
Orleans. Great enthusiasm was aroused when, with the

construction of the Enterprise in 1815, St. Louis was

reached in twenty-five days from New Orleans. The

opportunity which was given for the development of the

country excited the imagination of the people. A Cin-

cinnati writer of 1817 thought that the time might come
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when 40,000 families would be living in the 10,000 miles

of territory which he counted as tributary to that city.

It was not until 1826 that the first steamer ran up the

Allegheny River and in the same year the ship Illinois

reached St. Louis from New York via New Orleans, 3,000
miles in twenty-nine days and a half. From that time

dates the palmy days of steamboating. Then began the

exciting races which have been made immortal by the

clever pen of Mark Twain. In 1823 the time between

St. Louis and New Orleans had been reduced to twelve

days, in 1828 the General Brown made it in nine days and

four hours, and in 1860 the running time had been reduced

to three days. Now the steamboat has practically van-

ished from the Western rivers. The railroad has taken its

place. But it survives on the great lakes of the North,

where there is an enormous traffic.

The first steamer to cross the Atlantic was an Ameri-

can built ship, the Savannah. The vessel had been built in

New York as a sailing ship. She was 350 tons burden,

clipper built, full rigged and propelled by one inclined

direct-acting low pressure engine, similar to those now in

use. She had paddle wheels that could be taken out and

put on deck. The Savannah steamed to the city in whose

honor she was named and from there started for Liverpool

May 24, 1819, making the voyage in twenty-five days,

being under steam eighteen days. She used pitch pine as

fuel, the use of coal in American steamers not having been

introduced at that day. From Liverpool she went to St.

Petersburg. For some years she ran between Savannah

and New York, and finally ran aground in a storm off

Long Island and went to pieces.

A ship wholly dependant upon steam was regarded

for a long time as a mere chimera. Nautical experts

insisted that no vessel could carry fuel enough to supply her

Vol.. 10 3
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engines on a long voyage and this was long accepted with-

out dispute. The first vessel to make the journey without

the use of sails and by steam alone was a Canadian vessel,

the Royal William, built at Three Rivers in the Province

of Quebec. She sailed from Quebec August 5, 1831, for

London, putting into Picton en route and arrived at

Gravesend September 16, after a voyage of 25 days from

Picton.

Yet in spite of this Dr. Dionysius Lardner declared that

"As well might they attempt a voyage to the moon, as to

run regularly between England and New York." This

feat was accomplished by two British vessels in 1838 the

Sirius and the Great Western. The former was 178 feet

long and of 703 tons and the latter 256 feet and of 1,340

tons. The average speed of the former was seven knots

and the latter 8.2 knots an hour.

America lagged behind England in the steam Atlantic

trade. It was not until 1847 tnat the ^rst American

steamer was built expressly for the transatlantic trade.

She was the United States, built at New York for the

Black Ball line. The United States was a wonderful ves-

sel in those days, being 256 feet long and of 2,000 tons

burden. Her first voyage, made to Liverpool, occupied

thirteen days. Seven years before, in 1840, Samuel Cun-

ard began running ships from Liverpool to Boston, the

Britannia, the first of the line, making the trip in fourteen

days and eight hours.

In 1840 began the use of the screw propeller, and the

construction of ships of iron. Captain John Ericsson is

given the credit for the invention, but although he was

the first to succeed in the application of the principle it had

been suggested and attempted by others in previous years.

Ericsson built a small screw steamer in 1837 and invited

the English lords of the admiralty to make a trip in his
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boat, which made ten miles an hour. But the board gave
him no encouragement and one of the members said:

"Even if the propeller had the power of propelling the

vessel it would be found altogether useless in practice,

because the power being applied to the stern it would be

impossible to make the vessel steer." Paddle wheels were

universally used then, although now they are seldom or

never seen on the ocean, and are used merely in rivers and

other places where the paddle wheel is more satisfactory

because of the shoals. Ericsson built a small steamer,

seventy feet long, in 1839; he then came to America to

develop his idea, and in 1841 designed the Princeton, the

first man of war with a screw propeller. In the same year
he designed the Vanadalia, the first screw propeller vessel

constructed for business purposes, which was built at

Oswego, N. Y., and navigated the Great Lakes. Gradu-

ally the principle of the screw propeller established itself

and screw steamers were built both in America and Eng-
land and employed in the coasting trade and in short sea

voyages. But it was deemed a hazardous experiment to

try and cross the Atlantic, especially in the winter months.

The Great Britain, launched on the Mersey in 1843, was
the first transatlantic steamer on which the principle of the

screw propeller was applied. The Great Britain was

designed by Brunei and was 332 feet long and of 3,200
tons.

The Great Britain is also remarkable in that Brunei

substituted iron for wood. The metal had been used for

hulls of river steamers as far back as 1820, but had not

come into general use. To-day over 90 per cent of the

steamers built in Great Britain each year are of

iron, and the wooden ship is a relic of the past.

This substitution of iron for wood gave a severe

blow to the American merchant marine, and in
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fact one from which it has not yet fully recovered.

When ships were made of wood the forests along our

coasts furnished unusual opportunity for ship-building,

and America indeed became queen of the seas. But the

mineral resources of the United States were not sufficiently

developed when the change came from wood to iron and

the merchant marine of the United States suffered. This is,

however, also due to the fact that the United States was

occupied chiefly in internal development and railroads,

manufactures and mining absorbed our attention, to the

exclusion of foreign commerce. In recent years, however,

there has been a great increase in shipbuilding, although
this is still one of the few things in which the United States

lags behind in the march of progress. With the improve-
ments in steel it supplanted iron, it being better for every

purpose.

Water-tight compartments had been used in wooden

ships, but they were not practicable. The use of iron, how-

ever, made it possible to make use of this device by which

the vessel is divided by bulkheads, and thus, while two

or even three of the compartments may be open to the sea

the vessel will still float. The Royal William was the first

important steamer to use water-tight compartments.
The increase in speed of steamships has been due

chiefly to improvements in the marine engine. The new

steamer Deutschland, of the Hamburg-American line,

work upon which was begun in 1898, has a horsepower
of 33,000, while Fulton's Clermont had a horsepower of

only 24. There has been great economy in fuel. Steel has

made engines tlronger, and greater piston speeds with

higher pressures have been made possible. Piston speeds

have increased five fold, and boilers stand twenty tirnes

as great a pressure. All of these tend toward increased
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speed. The single engine was succeeded by the compound
and the compound by the triple expansion.

With these improvements came increase in the size of

vessels, this being because large vessels are relatively more

economical in fuel. While the Great Eastern, the largest

vessel built, was successful only in its mission of laying the

Atlantic cable, the increase in size has been truly remark-

able. The world's greatest liner, larger even than the

Great Eastern, the steamer Oceanic of the Oceanic Steam

Navigation Company's line, was launched in January,

1899. Her gross tonnage is 17,040, displacement, 30,100

tons; length over all, 704 feet, by 68 feet beam, by 49 feet

6 inches moulded depth. The total depth is about 68

feet, and the length between perpendiculars about 685 feet.

There are fifteen boilers twelve double and three single-

ended of about 1,100 tons total weight. The engines
are triple, four cylinder, four crank balanced, of about

28,000 indicated horse-power. While the largest ship

afloat, the Oceanic is not the fastest. The Deutschland,

of the Hamburg-American line, when completed (1900),
will be the swiftest passenger steamer afloat. The vessel

has a length of 663 feet, breadth of 67 feet, and a depth
of 44 feet. She will be fitted with two six-cylinder quad-

ruple expansion engines, indicating in the aggregate 33,-

ooo horse-power. For supplying steam to the engines

twelve compound boilers with eight furnaces each and four

single boilers with four furnaces each will be provided.
The speed contracted for is 23 miles an hour, but it is

expected that 25 miles an hour will be reached.

The introduction of steamships has brought forth in-

ventions of all sorts for the improvement of their navi-

gation and manipulation. So perfect are the liners now
in use that the ocean greyhound may be stopped or re-

versed by a child, while a single man is able to execute
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the order "'hard a-hclm" on a man-of-war going at full

speed. Before the new hydraulic machinery was invented,

three score men were barely sufficient to stop a fast steam-

er in full career. Thirty feet a minute is the usual rate

at which model anchor engines raise the heaviest anchors

in use. The hold of the vessel is illuminated to its farthest

recesses by electric light, and the constant risk of fire from

lanterns or lamps upset by the rolling of the ship is en-

tirely done away with. Science balances the compasses

so as to avoid all danger of their variation, that variation

which previous to the discovery of the modern method of

compensation wrecked so many stout vessels upon unex-

pected reefs. Steamers at full speed take soundings to

the depth of 100 fathoms, as a matter of course. The

steam siren shrieks automatically at regular intervals in

a heavy fog, and, last, but not least, when the good ship

makes port, steam rings her bells, winds her cables around

the capstan and runs the derricks which unloads her cargo.

Safety has been of first consideration from the first,

and statistics are quoted to prove that ocean travel is now
no more dangerous than a railroad journey.

Comfort as well as speed and safety are results sought

by the builders of ocean-going steamers, and the great

vessels on the lakes that cater to the traveling public. In

1838 even the best kind of ocean traveling was excessively

disagreeable. The supply of fresh food became exhausted

a few days after leaving port. But there is now a complete
revolution in this respect. Even the steerage passengers
fare better than did the cabin passengers of the early days.

The employment of cold storage and artificial refrigera-

tion, together with the adaptation of every improvement
in life ashore, have arranged it so that a voyage on the

ocean may be as comfortable as life at a first-class hotel.
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Only the motion remains to worry the person who is

addicted to sea-sickness.

The fable of Jack's beanstalk is more than realized by
the evolution of the steamboat. It is a far cry from the

Clermont, built by Robert Fulton in 1807, to the floating-

hotel which crosses the Atlantic from New York to Lon-

don in six days, carrying every modern luxury for the

benefit of her passengers, and the Iowa or the Oregon,
those triumphs of modern science as applied to naval war-

fare, which have so immeasurably increased the respect

of the universe for the United States and her navy. Sail-

ing vessels are old-fashioned; steamships navigate every

sea on the face of the earth, penetrate every bay and inlet,

find the head of navigation on every river, and darkest

Africa finds the electric light turned full upon it from the

modern gunboat which terrorizes her most warlike tribes.

Mulhall estimates that the shipping of the world is

of 22,885,000 tons register, of which 11,905,000 is steam.

More than half of the aggregate is British and American,

the United States being second in the list. Together the

ships of the world have a carrying power of 58,610.000

tons.

The problem of traversing space by means of

apparatus under navigable control has for many years

occupied the minds of inventors. Success in this direction

has not been great, but the Century has made easier the

way of those who are striving to attain the end. Balloon-

ing, which involves the use of machines lighter than the

air, does not present insuperable difficulties. Since the

Brothers Montgolfier ascended in 1783 by means of a fire

balloon at Annonay, there has been no difficulty in making
ascents of as great as five miles. The first successful at-

tempt at propelling balloons was made by Giffard in 1852,

the car being little more than a wooden platform with
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wheels to allow its running along on descending. More

difficult has been the problem of aviation or the use of

flying-machines, because of the necessity of using appa-

ratus heavier than the air. One of the characteristics of

aviation is a large supporting surface, either in the form

of wings or an aeroplane which is used to carry the weight.

Machines of this type invented by Langley, Maxim and

others have made short flights successfully, but they are

as yet far from practicable, although these men, both dis-

tinguished scientists, believe that the problem will be

solved before many years shall have passed.

As fascinating is the subject of submarine navigation.

Many attempts have been made to solve this problem, and

the nearest to success was achieved by the Holland sub-

marine boat, designed as a war-vessel for use in the war

between the United States and Spain. The boat, although

it made several trips under water, was not regarded as

feasible by the navy department, and submarine navigation

is not yet an accomplished fact, although the boat built

by George C. Baker in 1892, and others, are steps in that

direction.
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A man in Florida may now send a letter to his friend

in the Klondike gold fields for two cents, or for five cents

he may send a letter to his friend in Australia. The devel-

opment of the post-office has made this possible. Sixty

years ago, even if communication had been open between

these districts, such a feat and such a price was an impos-

sibility. There are those who say that penny postage, as

it is called from the English coin of the value of two cents,

is one of the greatest achievements of the Century. There

is certainly nothing that has conduced more to the com-

fort of the people.

Post-offices are as old as history. Communications

were sent either by couriers, pedestrians or in vehicles,

but the splendid postal organization which now exists

was then beyond the imagination of the man who lived at

the beginning of the Century. There had been little devel-

opment since the dawn of civilization. Relays of fast post

horses shortened the distance, but in Washington's first

term as President, the mails traveled at the rate of only

four and a half miles an hour. The rates of postage when

the post-office department was established under the con-

stitution were : For thirty miles, six cents for one letter

sheet; for sixty miles, eight cents; for 100 miles, ten cents,

and so increasing with the increased distance to the maxi-

mum, twenty-five cents for distances over 450 miles. The
mails were once a week or once a month, and "reply by
return post" had a real meaning.

The development of the post-office has kept pace with

the improvements of the means of communication,

41
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although perhaps this is not strictly true of the United

States, where the telegraphs and telephones, unlike in

most other civilized countries, are not under the con-

trol of the post-office department. There is no need to

repeat the story of the development of the post-office in

rapidity of the transportation of mails. That would be a

repetition of the story told in the previous chapter deal-

ing with the achievements of the Century in the matter of

transportation. The cheapening of postage is the postal

achievement of the Century, and the rapid adaptation of

more speedy methods is an incident.

To England the world is indebted for the placing of

correspondence by mail within the means of everyone. Sir

Rowland Hill noticed that, although the population of

England had increased 6,000,000 during the twenty years

from 1815 to 1835, the postal receipts were slowly dimin-

ishing. To overcome this the postal authorities had in-

creased the postal rates, but this led to a further decrease

in receipts, and means were found to defraud the post-

office. As the charge on the letter could not be paid by
the sender, those away from home arranged codes of sig-

nals which should tell their friends of their welfare. All

that was necessary was to send an empty envelope, which

would be refused at the door. Newspapers with words

underscored were also used, as they were sent through the

mails free, a stamp tax being levied upon them. The

finance accounts for the year showed that about one-fifth

of the letters transported were "refused" by the persons
to whom they were addressed. The price of a letter of

a single sheet, weighing less than one ounce, was from

4d for the smallest distance to is 8d for the longest. If

there were any enclosure the charge was doubled, and to

ascertain this, letters were subjected to a strong light,

temptation thus being put in the way of the officials. To
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evade the postal charges, friends were made to carry par-

cels, proof-sheets and letters; carriers made illicit post-

ing a regular business. There was an endless amount of

red tape. Each letter had to be weighed and examined

for enclosures, marked with the amount of postage due,

which the postman must wait to collect, and as there were

as many as forty possible varieties of inland rates, it re-

quired much office work and consumed much time.

Hill made a study of the problem and found upon
examination that the expense of a letter did not vary appre-

ciably in proportion to the distance carried. He found

that the expenditure which hinged upon the distance the

letters had to be conveyed was 144,000, and that which

had nothing to do with the distance was 282,000. Hill

further found that the average cost of a letter was less

than one penny, and he urged that a uniform charge of

id (two cents) be made for the carriage of a letter,

claiming that there would be an enormous increase in

correspondence. The idea met with warm support among
business men, but it was bitterly opposed in parliament;
not on the grounds that correspondence would fail to in-

crease, but on the ground that it would develop to impos-
sible proportions. Lord Lichfield ridiculed the idea of

the post-office ever being able to carry all the letters that

would be sent; to which Hill replied that he had never

before heard of a business man who feared too great an

expansion of business.

Penny postage finally became a fact and was in opera-

tion on January 10, 1840. In the first two years the

number of chargeable letters rose from 75,000,000 to 196,-

500,000, and every year the loss of the department was

reduced.

In 1800 there were 903 post-offices in the United

States. The last report of the postmaster general places
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the number at 73.570. in i.'i'oo the annual revenue of

the department was $280,004; during the fiscal year end-

ing June 30, 1898, it was 089,012,618. In respect to the

distance for which a IcUer is conveyed for two cents the

United States is now the cheapest postal system in the

world, but in the matter of cheap postage the United States

was far behind Great Britain. Until 1863 the distances

over which the mails were carried was the basis of the

rates of postage. In 1845 the rates were: Not exceeding

300 miles, five cents; exceeding 300 miles, ten cents.

By a law of 1851 the distance for which the minimum
ratewas charged was increased to 3,000 miles. The uniform

rate of three cents was made in 1863, and in 1883 ^ was

reduced to two cents, the rate which had been in force

in Great Britain for forty-three years. The weight car-

ried for the two-cent stamp was increased from a half

ounce to one ounce in a few years, making a further reduc-

tion in the cost of communication by mail.

The money order system introduced in England in

1792 by a private company was adopted by the British

post-office in 1838. The system was not employed in the

United States until 1864. There has been a gradual re-

duction of fees, and during the year ending June 30, 1897,

the money order business of the United States amounted

to $174,482,677, and there were 20,031 offices where they

are sold. In 1865 the number of offices was 419, and the

value of money orders issued was $1,360,123.

The little bits of colored paper that are one of the

principal adjuncts to the postal business were first used

in England in July, 1840, and came into use in this coun-

try in July, 1847. There are now said to be as many as

9.300 varieties some, of course, obsolete, and including

the stamps on newsbands and those used as revenue

stamps. Postal cards were first issued by Austria, and in
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the year 1870. They were adopted by the United States

in 1873. In 1897, 523,608,250 were used in the United

States alone.

The registry fee, which was half a crown originally in

England, has there been reduced to four cents. The sys-

tem was adopted in the United States in 1855, and the fee

made ten cents, which has since been reduced to eight cents.

In the United States the free delivery system was author-

ized in 1885. Railways were first used by the United

States for postal purposes in 1834. Other reforms have

been the introduction of railway post-offices, electric street

cars, and pneumatic tubes.

The post-office does many things in other countries

that it does not do in the United States. The parcels post

was introduced in Great Britain in 1883, and transports

small packages at a small charge. Most European coun-

tries now have a system of sending packages by mail cash

on delivery, similar to our express companies. The tele-

graph business is a part of the post-office abroad. In

continental Europe, moreover, free delivery extends even

into the rural districts. The United States is almost alone

among civilized nations in its lack of the postal savings

bank, which institution, for the benefit of small depositors,

especially in the rural districts, was introduced by Eng-
land in 1 86 1. The pneumatic tube was first used in Lon-

don in 1858, and in Boston in 1896.

The crowning triumph of the postal service was the

establishment in 1874 of the Universal Postal Union,

which includes nearly every nation with a post-office.

Five cents is now all that is necessary to carry a letter to

the uttermost part of the earth. An idea of the extension

of the post-office may be obtained by a glance at the

Congo Free State. The post-office department of that

vast country was organized in 1885, and ten post-offices
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have since been established, making it possible to send a

letter at a cost of five cents to the wilds of Central Africa.

The cannibals who reside on the banks of the Arumwi
River enjoy all the advantages of the Postal Union if they

so desire.

There are now scattered over the various countries of

the \vorld more than 271,000 post-offices, of which the

largest number in any one country is 73,570, in the United

States. There are 440,500 letter boxes from which col-

lections are made. The total number of persons employed
in the world's postal service is 872,400. Figures scarcely

convey an idea of the magnitude of the business that is

annually transacted through the world's post-offices. The

fact that over eight and a half billion or to give the exact

figures, 8,514,874,495 letters were distributed in the

various countries, is almost beyond comprehension; other

pieces of mail matter of various kinds raise the total

amount of mail handled to 15,066,033,246 pieces. The

total value of money orders issued in a year is $2,805,000,-

ooo; of these the largest number issued in any one country
was 96,037,953 in Germany. The postal savings bank

business has reached its highest development in Great

Britain, where the total amount to the credit of depositors

is in excess of $500,000,000.

Long a dream of the imagination, the telegraph found

its realization in the Nineteenth Century. Laplace sug-

gested the idea of signaling by means of breaks in elec-

trical currents. His idea was seized by others, and in 1832

Schilling, a Russian, devised a system of telegraphy in

which thirty-six needles were used. Gauss and Weber,
two German physicists, established a line about three

miles long at Gottingen; and Steinheil, working on their

ideas, constructed several telegraph lines radiating from

Munich. Steinheil was the first to make use of the earth
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as a return current, thus using a single wire to carry each

current, and connected to the earth at both the sending
and receiving stations. Wheatstone, an English inventor,

together with William F. Cooke, in 1836 took out a patent

for a needle telegraph. As described in their first specifi-

cation, their system required five needles and six wires,

one of the wires being used as a common return for the

other wires. By various combinations of the needles, all

of the letters and numerals could be represented. They
scon found, however, that they could do all of the work

by a single needle. The Wheatstone telegraph was tried

successfully between Euston and Camden Town stations

on the London & Northwestern railways, on July 25, 1837.

It was two years later, in 1839, before the first tele-

graph for public use in the world was opened. Wheat-

stone constructed a line between Paddington and Slough,
a distance of twenty miles. The wires were suspended on

posts in goose-quills. Commercial business was taken,

but evidently the income of the line was derived from the

exhibition of its working. Although admission wras only

a shilling, and children half price, it was not well patron-

ized until its fame was spread abroad by the capture of a

murderer through its aid. The murderer, after killing a

woman at Slough, took a train for Paddington. His

description was telegraphed, and to his astonishment he

was arrested on his arrival there.

These early telegraphs were impracticable, and the

credit of the invention of the electro-magnetic telegraph,

which is the basis of the one used to-day, belongs to Samuel

F. B. Morse, who began his experiments as early as 1832,

after some conversation on board ship while returning

from England. Although an artist and a sculptor, Morse

had some practical knowledge of electro-magnetism

gained from his studies at Yale College, and he now de-
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voted all of his time to an attempt to perfect the tele-

graph, although as a means of livelihood he retained his

chair as professor of designing at the University of New
York. In order to economize his scanty means, he slept

and took his meals, prepared by himself, in his studio. His

first practicable instrument was perfected in 1836. It was

a clumsy affair. His friends laughed at him, as inventors

have always been laughed at, and he received no encour-

agement, but was ridiculed for spending all of his meager
income on the useless toy. A caveat was filed at Wash-

ington, and in February, 1838, he, with Alfred Vail and

Professor Gail, took the instrument to Washington and

exhibited the telegraph on a ten-mile circuit to President

Van Buren. They then asked an appropriation of thirty

thousand dollars for an experimental line of fifty miles,

but the appeal was not acted upon by Congress. For two

years he wandered about Europe, trying to secure patents

and aid. On his return he found that his partners had

met with financial reverses and were unable to help him.

He went to Washington in 1841, and set up his instru-

ments and strung his wires. In the direst poverty, he ex-

plained his invention to Congressmen, who were amused,

but regarded it merely as a toy. Finally, when he had

only 37 cents left in his pockets, he secured the influence

of a class-mate, who undertook to get the appropriation

through Congress. It was passed on the last day of the

session, at a few moments before midnight, and after eight

years of waiting, Morse had what he had sought an op-

portunity to show the world what he could do. Then

began the construction of the line from Washington to

Baltimore. When ten miles had been laid in pipes, it was

found that the current grew weaker. The fault was due

to induction, the carrying away of the electricity by the

earth, and it was after much discussion that Vail's idea
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of stringing the wires on poles was adopted. On May,
1844, Morse was able to fulfill the promise he had made
to Miss Annie G. Ellsworth, that her message should be

the first sent over the line. In the presence of distin-

guished officials of the government, the message was sent.

It was "What hath God wrought?" It became famous,

and we are not yet sure of the answer.

The telegraph as devised by Morse was crude. To his

partners is due much of the development of the idea. He
first used a single cell, and Vail suggested a rectangular

wooden box, divided into eight compartments and coated

inside with beeswax, so that it might resist the action of

acids. Morse knew nothing of what is known as the

Morse alphabet. His complicated system as described in

his 1837 caveat consisted of a number of signs by which

numbers and consequently words and sentences were to be

indicated. There was then a set of type arranged to reg-

ulate and communicate the signs, and rules in which to set

this type. A crank turned by hand regulated the forward

movement of the type. The writing apparatus made

marks on a slip of paper. Vail discarded this and invented

the dot and dash alphabet, which is now in universal use.

The receiving instrument, as finally perfected, con-

sisted of a cylinder over which a strip of paper was run

by clock-work, and in which indentations were made by
a small metal peg on the arm of the armature. The latter

was held slightly away from the magnet core by a strong

clasp when no current was passing; but when the impulses

from the transmitter came over the line, and passed

through the magnet coil, the core attracted and released

the armature in rapid succession. The length of the marks

on the paper is in direct proportion to the duration of eacli

current impulse the operator lets over the line by the work-

ing of the key. To avoid the need of a strong current on
VOT,. 10 4
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the line, the recording instrument was placed in a local

circuit with its own battery, the current of this being gov-

erned (opened and closed) by the line magnet which

then acquired the name by which it is now known the

relay. Sometimes on long lines this relay magnet is made

to let on a fresh current in similar impulses from the bat-

tery in some office midway of the line, which is called the

repeater.

In the very beginning the recording instrument was

replaced by the sounder, which was also of Vail's inven-

tion. The operators became so accustomed to the tapping
that they read the message by sound. The managers tried

at first to prevent it, and Morse was most vigorous in

opposing the innovation, but Vail improved the sounder,

and the recorder was discarded. Now the telegraph ap-

peals to every sense, for a deaf clerk can feel the move-

ments of a sounder, and the signals of the current can be

told without any instrument by the mere taste of the wires

inserted in the mouth.

During the month of May, 1844, another opportunity

for conspicuously demonstrating the value of the telegraph

occurred when three important national conventions were

held in Baltimore, and the news of their proceedings was

instantaneously transmitted by the electric current to eager

crowds of congressmen and others at the national capital.

For one year the telegraph line was operated gratuitously,

and then a small charge was made for messages by the

postmaster-general, under whose direction it was. The

government was offered the invention for $100,000, but

declined to buy it, and the development of the telegraph

was left to private enterprise.

The improvement of the telegraph was rapid during

the next decade. By 1847 a telegraph line ran from Wash-

ington to Albany, with many branches. Lines were built
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on the Morse system in every part of Europe. The

increase in business, due to the desire of the public to

transact its business by electricity, made necessary either

the construction of many more lines or the devising of

some system by which more messages could be transmitted

over the same wire. Moses G. Farmer, of Boston, about

1852 made some experiments, but not successfully, and

the method at present in use for multiple transmission was

first suggested by Gintl, of Vienna, in 1853. Joseph B.

Stearns, of Boston, in 1872 invented the duplex system, by
which two messages, one each way, could be sent over a

single wire simultaneously. Stearns' system was im-

proved in 1874 by Thomas A. Edison, and it became pos-

sible to send t\vo messages the same way over the same

wire. Elisha Grey, of Chicago, in 1875, designed a system
of multiplex telegraphy for the simultaneous transmission

of several signals. In principle the system depends upon
the synchronism of sonorous vibrations, propelled by elec-

tric currents. The Stearns and Edison systems were com-

bined to form the quadruplex, by which four messages,
two each way, could be sent at the same time over a single

wire. In 1898 Professor Rowlands, of Johns Hopkins

University, perfected a method by which twelve messages

may be sent simultaneously over the same wire.

Besides the Morse system of telegraphy, there are sev-

eral automatic telegraphs, by which the message is sent

with great velocity by running a previously perforated
fillet of paper through the transmitter electric contact

being made through the holes, the process being the same

as in the musical instrument known as the orchestrion.

There is also a machine telegraph, perfected by Hughes in

1 88 1, in which the electro-magnet on attracting its arma-

ture, presses the paper against a revolving type wheel and
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receives the print of a type, so that the message can be

read by a novice.

To-day the telegraph has developed to an enormous

extent. The length of the world's telegraph system in

1897 was 4,908,823 miles, of which more than half was in

America. In Great Britain the telegraph is most used, the

telegraph rates being only six-pence for an ordinary mes-

sage, and over 83,000,000 messages were carried during

1897. The telegraph has even reached Africa and the

remote parts of Asia. The savages still marvel at the

wonder of electrical communication. It is said that the

Chinese, frightened at the "evil spirits/' used to cut down

the poles until Li Hung Chang ordered that whenever a

pole was cut down, the man whose house was nearest to it

should be beheaded. This proved an effective way of mak-

ing him keep watch, to prevent the cutting down of the

pole.

An interesting development of the telegraph which

has been utilized on railroads in the United States and

Great Britain, is the ability to send messages from moving
trains. This invention owes its origin to Phelps. and was

improved by Edison. The signal currents are intermit-

tent, and when they pass through a conductor on the train

they excite corresponding currents in wires running along

the track.

Since the beginning of telegraphy, attempts have been

made by various inventors to communicate without wires.

and while no practical result has as yet followed these ex-

periments, the future holds out great possibilities of ulti-

mate success. Joseph Henry, of Washington, found in

1842 that when he threw an electric spark an inch long-

on a wide circuit in a room at the top of his house, elec-

trical action was instantly set up in another circuit in the

cellar. Visible means of communication between the two
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circuits being absent, he reasoned that the electric spark

produced some kind of action in the ether, and, passing

through two fluids and ceilings 14 inches thick, caused

induction in the wires in the cellar.

Edison's application of induction to telegraphy from

moving trains, and Hertz's discovery that electric waves

penetrate wood and brick, but not metal, are the bases

upon which inventors of the past two years have worked.

These have been carried to the furthest stage of promise

by one Italian electrician, Guiglielmo Marconi, while at

work in the laboratory of Prof. Riglio, of Bologna. He
is mainly indebted for his experiment to W. H. Preece,

Director of the English Postal System. His official posi-

tion has enabled Mr. Preece to thoroughly test it in the

British Post-Office Department, and these tests have been

successful. The Marconi system of telegraphy depends

not upon an electrical magnet, but on electrical vibrations

that is to say, on electrical waves set up at a rate of

250,000,000 to the second. These vibrations travel

through space in straight lines, and can be reflected and

refracted like light indeed, they are capable of all the

phenomena of which light is susceptible.

The invention which dealt with the method of receiv-

ing and sending messages by this means \vas first experi-

mented with on the roof of the post-office, and then for

three-quarters of a mile on Salisbury Plain. Marconi was

present that night, and this was the first occasion on which

the apparatus was shown, except to government officials.

The great difference between the systems, which had al-

ready been tried, and that of Mr. Marconi, was that in the

former a wire on each side was necessary, while in the lat-

ter no wire was required. Vibrations were simply set up

by one apparatus and received by the other, the secret

being that the receiver must respond to the number of
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vibrations of the sender. The apparatus was then exhib-

ited. What appeared to be just two ordinary boxes were

stationed at each end of the room, the current set in motion

at one, and a bell was immediately rung in the other.

"To show that there was no deception," Mr. Marconi held

the receiver and carried it about, the bell ringing when-

ever the vibrations at the other box were set up.

The most valuable use to which telegraphy without

wires is likely to be put in the near future is communicat-

ing from ship to ship at sea, or between lightships and

lighthouses; which will not only add to the convenience

of navigation, but render it more safe.

Practical use has not yet been made of the telauto-

graph, which is the name given to the apparatus for the

transmission of sketches and drawings by wire. The most

successful of these inventions is that of Elislia Gray, of

Chicago, which was put to practical use by the Chicago

Times-Herald, on June 22nd, 1895. Using the ordinary

telegraph wires, the Times-Herald was enabled to receive

exact facsimilies of letters written in Cleveland by men
in attendance at the national convention of Republican
clubs. The fact that telegraphic sketches have not since

come into general use shows that the telautograph has not

yet reached a condition of real usefulness. In Prof. Gray's

instrument, which was exhibited at the World's Fair,

there is a pencil connected by small, rigid steel rods. As

the operator draws on the paper the letter or drawing
which he desires to produce, the instrument's currents or

electrical impulses are awakened that excite electrical mag-
nets and move the stylus at the far end of the pen. An
invention called the Telegraph Pen, devised by E. A.

Cooper, of England, is somewhat similar, though less re-

liable. It is based on the method of varying strength of

current in the curves of the hand writing.
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Even before Morse had succeeded in obtaining con-

nection between Baltimore and Washington, inventors

were at work upon methods for establishing communica-

tion through bodies of water as well as over stretches of

land. The two banks of the Hoogly River in India had

been connected as early as 1839 by a Mr. O'Shaughnessy,

who made use of an insulated wire plunged into the stream.

Wheatstone proposed to connect Dover and Calais by sub-

marine telegraph cable in 1840, but it was ten years before

the plan was realized, and then the cable broke, after

transmitting only a few signals. In 1851 a new cable wTas

laid. The development of submarine telegraphy wras

chiefly delayed by the difficulty of devising protection and

insulation for the wire. Gutta-percha was used for this

purpose in 1848, and the cable was laid across the Hudson

River from Jersey City to New York. The cable was

strengthened by a covering not only of gutta-percha, but

by a layer of tarred hemp, which in its turn is covered

and protected by galvanized iron wrire twisted around the

core.

Cables of increasing length were laid, but the Atlantic

Ocean still seemed an insuperable barrier between Europe
and America. To Cyrus W. Field was due the realiza-

tion of what had long appeared an impossible project. He

organized a company for the purpose in 1854, but it was

twelve years before they succeeded. These twelve years

were filled with disappointing failures, which, however,

did not daunt the indomitable pluck and energy of Mr.

Field and his associates. The first attempt was made on

August 7th, 1857, by the United States frigate Niagara,
which sailed from Valencia, Ireland, in the direction of

Heart's Content, Newfoundland. The cable broke when
about 400 miles had been laid, and the steamer returned.

The next year another attempt was made. This time two
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ships separating in mid-ocean, proceeding shoreward, one

to the east and one to the west, each laying cable as they

separated. Again the cable broke; but a third attempt

was made later in the year, which saw the whole 'distance

successfully spanned, and on August 16, 1858, Queen
Victoria and President Buchanan exchanged congratula-

tory messages. Great was the joy over this triumph, but

it was of short duration. Day by day the messages by
the cable grew more indistinct, and finally ceased.

Though laid, the cable was a failure.

Field was not discouraged, but his associates were, and

for eight years the cable remained useless at the bottom of

the sea. During this period the United States was torn

with civil war, and the sympathy of Great Britain for the

Confederate states aroused an enmity in the hearts of

Americans which checked any desire for closer communi-

cation between the two countries. In spite of discourage-

ment and previous failures, Field succeeded in reorganiz-

ing his company and making a new cable. The steamship

Great Eastern, which was unavailable for ordinary uses

of commerce, was chartered, and in this giant vessel a

cable 2,273 nautical miles long, and weighing 300 pounds

per mile, was stowed. More than half of it had been laid

when the cable parted, and the broken end disappeared

from view. Attempts to secure it proved futile, and the

Great Eastern returned to Europe. Five cables were now
at the bottom of the Atlantic Ocean, and they represented

an expenditure of millions of dollars. Still Mr. Field did

not despair, and he persuaded his associates to invest a still

larger sum. Again the Great Eastern made another jour-

ney with a new cable, equal in length to the old. She

started from Queensland, and without further serious

misadventure, accomplished the whole distance on July

27111, 1866. Telegraphic communication with Europe
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has been uninterrupted since that time. No greater tri-

umph of engineering skill has ever been accomplished,
nor can there be pointed out a more forceful object lesson

in pluck and perseverance.

Since then the world has been girdled by cables. Com-
munication has been made possible to the uttermost parts

of the earth. When all the lines are clear it takes about

15 seconds to send a single sign from London to New
York. There are now altogether 318 cables, with a total

length of 146,419 miles. The great Pacific Ocean is as

yet uncrossed, but plans are being arranged for the span-

ning of that mighty chasm. The principal improvement
in the electrical outfit of the cable system has been the

adoption of more delicate instruments to the transmission

and reception of messages, as cables are generally

worked on the condensed system, there being no metallic

circuit.

The laying of cables is expensive. The probable cost

cannot be far from $1,000 per mile; this includes the mak-

ing and the laying of the cable. Present experience gives

from thirty to forty years as the probable length of life

of a modern submarine cable, but much depends on the

preparation of the outer strands of wire, especially the

galvanizing. There are instances where a cable has lasted

only ten years. Specially equipped steamers are required

to lay cables, and submarine wires are constantly sustain-

ing damage from some cause. It is necessary to have one

of these cable ships always ready for service.

Messages are not sent by the Morse system, but on an

adaptation of the Wheatstone system, which prints a

waved line on a strip of paper. The Morse system cannot

be used because of the peculiar construction of the cable

itself, and of a certain eccentricity of the electrical current

when acting under long distances of water. Electricity
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invariably seeks to escape from its conductors to the earth,

and, well insulated as the cables are, the innumerable

ocean currents would make impossible a succession of

vibrations without breaks in the electric current.

Great as the telegraph is, still greater is the telephone.

By it articulate speech, with all its shades of tone and

quality, is so accurately transmitted and reproduced
that the voice of a friend speaking at a great distance can

be easily recognized. In the United States alone the use

of the long distance telephone has brought forty million

people within speaking distance of each other. There is

no more remarkable achievement of science than this. The

speech of the telephone is as great an improvement over

that of the telegraph as is the conversation of men over

the chatter of monkeys.
But the telegraph did not suggest the telephone, and

the two inventions have run along entirely different lines.

Its first basis was the discovery of Page in 1837, that when

substances are magnetized they emit sound. Philip Reis,

a German school teacher, in 1860, utilizing this principle,

managed to transmit both \vords and music over a short

distance. Reis's experiment set several inventors at work

along these lines, and the present electro-magnetic tele-

phone was invented at about the same time by Graham

Bell and Elisha Gray, both Americans. Bell's telephone

is the one now in use. He exhibited his invention at the

Philadelphia Centennial in 1876. By this it was made

possible for two people to talk over a single wire for a dis-

tance of ten miles. Its principle was not the transmission

of speech, but the mechanical reproduction thereof by
means of the rattling of a piece of iron close to the lis-

tener's ear. The transmitter has a membrane, bearing on

its center a small piece of iron placed opposite the poles

of the electro-magnet. The receiver, in which is enclosed
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an electro-magnet, has fixed in the top a thin disc of iron,

left free to vibrate. Sounds are produced by the vibration

of this disc corresponding to currents of electricity from

the other end.

Many improvements have been made in the arrange-

ment of the receiver and transmitter since Bell's instru-

ment was invented, with a view to intensifying the effect

in the receiver. Most important of these improvements
is that of Prof. Hughes, who in 1878 discovered that if

one piece of carbon be allowed to rest upon another and

an electrical current be passed from one to the other in

a circuit containing a Bell receiver, the lines will respond

to very minute sounds in the vicinity of the carbons. This

is called the microphone, and is in most transmitters. Cop-

per wire instead of iron is used for trunk lines of tele-

phones, because it is inductive, and the Bell telephone is

extremely sensitive so much so that conversation over

one wire can often be heard on a neighboring wire.

The original telephone which made possible conversa-

tion between one person and another at a distance of ten

miles, has been improved so that large numbers of persons

are enabled to inter-communicate at will. This is due to

the switch board, the aggregation of many inventions.

Switch boards are often enormous in size, and represent

thousands of dollars in value, while hundreds of miles of

wire are often used in their construction. In New York

City 37,000 subscribers are put in communication

with each other through this switch board, and by means

of other switch boards are enabled to talk to other sub-

scribers at Chicago or at Boston. The connection is

made by women whose duty it is to attend to the switch

board. When a subscriber rings the bell a disc, bearing
his number, drops, and then the operator inquires what

the subscriber wants. When the number desired is men-
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tioned, she takes up a pair of brass plugs, coupled by a

flexible conductor, and joins lines of the subscribers in the

switch board by simply inserting the plugs into holes cor-

responding with the wires, which is a very simple opera-

tion. In the near future the telephone girl, who has sup-

plied writers of fiction with many romantic heroines, is

likely to be supplanted by some other labor saving device.

Already patents have been taken out for automatic ma-

chinery designed to connect subscribers, and telephone

experts predict that the use of such a contrivance will

become universal within a fewr

years.

The last decade of the Nineteenth Century has been

remarkable for the extension of telephone lines, and with

improvement and stronger wires electricians believe that

communication will be possible from one end of the United

States to the other. The chief question is whether the re-

sults would be justified by the business. Extensions have

been made wherever this condition seemed to be fulfilled.

Paris and London, 297 miles apart, were enabled to con-

verse with each other in April, 1891. New York and

Cleveland were connected, though 650 miles apart, in

1883, and the superiority of the long distance telephone

to the telegraph was clearly shown during the great bliz-

zard of 1898, when for several days the only direct means

of communication between Boston and New York was a

long distance telephone wire, which withstood the storm

that destroyed all other lines. Chicago was brought into

communication with New York in October, 1892, and now
conversation is carried on as easily over this distance of

a thousand miles as if between two residents in the same

city. This line has hundreds of branches to nearby points

between the two great American metropolises. During

1898 the long distance telephone service was extended to



COMMUNICATION 61

Austin, Tex., and it is possible for a person in that city

to talk with Bangor, Me., a distance of 2,600 miles.

Novel applications of the telephone have made it pos-

sible for the invalid sitting at home to hear the sermon

of a favorite preacher or the songs sung by a great song-

stress in a concert hall scores of miles away. Early in

1895 the rector of Christ Church, in Birmingham, Eng-

land, attached several telephones to his writing desk, pul-

pit, organ and choir, and connected them with hospitals

and jails in seven large cities at distances ranging from

loo to 250 miles. In all of these the whole service at

Christ Church was heard simultaneously.

More than one practical method of sending several tele-

phone messages at once over one and the same wire has

been devised. W. W. Jacques, an American, and Hutin &
Le Blanc, of France, have accomplished the feat of enab-

ling a dozen pairs of persons to talk over one telephone,

and by means of a single wire, so perfectly that the con-

versation of each pair does not in the least interfere with

the conversation of any of the others. Part of the articu-

lated utterance of one of the speakers is sent over the line,

and before the rest of it goes over the wire the other eleven

speakers have each had a turn in succession
;
this being pos-

sible because every sound occupying but the one hundred

and five thousandth part of a second can be heard, while

an interruption, lasting as long as the one-hundredth part

of a second in a sound continuous, except for such inter-

ruption, cannot be detected.

Telephoning by a ray of light instead of wire, on the

same principle as telephoning without wires, is the sub-

ject of present experiments by Professor Gray and

Bell. It is said that this invention, known as the radio-

phone, is practically perfected, and is only awaiting a

favorable opportunity for its official application. The
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theory is that a ray of light may be impressed with sound

vibrations in exactly the same manner that an electrically

charged wire receives them from the telephone. The
details of Professor Bell's invention have been kept a

secret by him, but he has been able to transmit the human
voice a distance of more than a mile and a half by its aid.

As a commercial invention it has been retarded by the fact

that an instrument which has to depend entirely upon

sunlight for its efficiency might be least available when

most necessary. Professor Bell declares, however, that

he sees no reason why, if the right sort of light were found,

it would not be possible to establish a series of reflecting

mirrors at convenient distances apart, so as to reflect the

ray in any desired direction, when it would only be neces-

sary that there should be nothing in the way of an obstruc-

tion to cross the beam in its travels from mirror to mirror.

Improvements in shorthand have made possible more

rapid communication. By its perfection during the latter

part of the Nineteenth Century the extemporaneous

speeches and addresses made by the master minds of the

Century are taken down as delivered and preserved for

the perusal of future ages. Had such a device existed in

the time of Demosthenes what priceless gems of oratory

would be preserved as models for orators. The

Greeks and Romans had a system of shorthand, but it

was crude. Isaac Pitman, in 1837, m^de such improve-
ments in the systems in use in his day that he is called the

father of modern shorthand. Charles Dickens, when he

began the study of shorthand in 1824, adopted the best

method then in existence, but was compelled to learn the

use of more than 100 signs and symbols, many of which

were arbitrary. Pitman reduced a number of these signs

and simplified them so that to-day a stenographer's pencil

can follow the most rapid orator. Single minute tests
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have been made, with faultless transcriptions, ranging as

high as 407 words per minute, while writing new matter

from continuous dictation 252 words per minute have

been taken for five minutes. This record was made by
Isaac S. Dement, of Chicago, at Lake George, N. Y., in

1888.

Simple as the typewriting machine of the present

seems and as great a necessity as it is to the business man
of to-day, it is a creature of but yesterday. One wonders

how the people of a generation ago managed to transact

business without it. Now the nimble fingers of the type-

writer girl, flying swiftly over the keys, write many times

as rapidly and in clear, distinct, legible characters the

messages sent by business men to their correspondents.
The author no longer "takes his pen in hand," but sits

down before a typewriter that delivers copy, which saves

the temper and eyesight of the compositor. It seems but

a simple invention, yet how much time it saves to those

who write and receive letters ! Various attempts were

made as early as 1675 to invent a machine that would

print writing and answer the purposes of the modern

typewriter. But none of these was successful, and no

authentic description of such a machine remains. The
first working model of the typewriter was exhibited by
Folcault at the Paris Exposition in 1855. It was de-

signed for the use of blind persons, and bore little re-

semblance to the machine now employed. The inven-

tors, however, kept hammering at the idea of a practical

machine, and several models along this line were per-

fected and patented in Europe and the United States.

The machine in its present perfected form may be

said to date from 1873. The machines in present

use are of three kinds type-bar machines, cylinder

machines, and wheel machines. In the type-bar machine,
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which is the one most used, steel types are fixed at

the extremity of a bar or rod of iron. By striking the

key of any particular letter a lever is moved which raises

the type-bar and causes the type at its point to strike on

an ink ribbon and impress a letter on the paper, which is

held against an India rubber roller. The type bars are

so hinged that all the types when they are struck hit in

precisely the same spot; so that if the paper remained

stationary the impressions of all the type struck would be

superimposed on each other. By automatic mechanism

the cylinder under the paper moves a space to the left

with the impression of each letter, and the depression of

a wooden bar similarly moves the cylinder a space after

each word.

Numerous improvements have been made, and there

are now a host of excellent writing machines. The speed
which can be attained is a matter of much controversy.

A rate of 204 words has been attained on some of the

leading machines in single minute tests, the operators

writing from memorized sentences. A continuous speed
of 100 words per minute is, however, the probable limit

of an expert operator in actual work.
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"Give me a fulcrum on which to rest, and I will move
the earth," said Archimedes when he discovered the

lever. The modern engineer has found a standing point

and he literally moves the earth not, it is true, in its

place among the stars, but in that he brings every part of

the universe nearer to the other and bends the forces of

nature to his own purposes. The progress of the science

of engineering is shown by its specialization during the

Century. Mining and electrical engineering are treated

elsewhere. Here it is the intention to tell of the progress
in civil engineering during one hundred years and also to

trace the development of steam, gas, and water power by
the mechanical engineer.

All industries are indebted to the engineer. Civil

engineering ranks among the learned professions, and

mechanical engineering has ceased to be classed as a

trade. It is the engineer, that magician of the Nineteenth

Century, who binds the world together with the steel rails

of the railway and the electric wire of the telegraph. He
builds mammoth machines which will crush a ton of gran-

ite or crack an egg with equal ease
;
he has made use of

the secrets of the elements, and realizes the imagery of

Job in that he measures the mountains and rides upon the

whirlwind. Gleaning the theories and facts from the

scientists, who ferret out the secrets of nature, he makes

use of them for the benefit of industry. No problem
daunts the engineer of to-day; no feat is so impossible

that he is not ready to essay it. He annihilates space and

matter. The spirit of the mountain and the demon of the

Voi,. 105 6<;



66 REMARKABLE ACHIEVEMENTS

deep have not terrified him. The deepest valleys and

the highest mountains are his playthings ;
he bridges the

one and tunnels through the bowels of the other. He
lifts great masses weighing thousands of tons with the

ease with which a man will lift his finger. The feats

fabled of the eastern genii are eclipsed by his everyday

performances. "The high object of our profession is to

consider and determine the most economic use of time,

power, and matter," said a famous American engineer.

That there will be further progress in this direction is cer-

tain, but it will be a marvelous Century that can show half

so great a progress as has been made in that which is now

closing.

To no industry has the engineer given a greater share

of his art than to that of perfecting everything connected

with railroading, and it is chiefly in the United States that

this development has taken place. The steel rail as we

know it to-day is in itself a wonderful piece of engineer-

ing. Thirty-five years ago the rail was of wrought-iron
and shaped like a pear-head, but its evolution under the

hands of the engineer has made it of steel and fitted it in

every way for the work that it has to perform. Simple
as it it, there is a reason for every curve, dimension and

angle. It is made expressly for the purpose of sustain-

ing its heavy loads and standing the impact of the count-

less blows it receives.

So, too, the location of the railroad and the determina-

tion of exactly where every foot of the track shall be laid

is an engineering feat. In the early days it was thought

impossible for a locomotive to climb grades. The en-

gineer has found just what grades the locomotive will

climb and locates his track accordingly. Tunnels and

great rivers were supposed to present practically unsur-

mountable obstacles, but the patient \vork of the engineer
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has shown that the greatest mountains might be pierced

and the greatest chasms bridged. Railways can be built

wherever it is profitable to build them.

Engineers of the olden time worked with stone, while

those of to-day use steel. Fifty years ago bridges were

built almost entirely of wood and stone. As long ago as

1779 the first iron bridge in England was built, and with

loo-foot span and 370 tons of iron used in construction, it

was the wonder of a generation, although it seems puny

enough compared to the great Forth bridge of to-day,

with 51,000 tons of steel. How conditions have changed
since 17/9 is shown by the fact that since 1870 it has been

a law in Russia that no bridges shall be made of wood.

Yet the Howe wooden truss bridge of 1840 was regarded
as a wonder in its day, and some of them are still doing
excellent service, the most famous being Wernberg's

"Colossus," with 240 feet span over the Schuylkill.

Small streams were bridged at first and then the larger

rivers were crossed, until now there is talk of bridging the

English channel, making a railway journey possible from

London to Paris, and the bridge would probably be built

were it not that it would destroy the military advantages

possessed by England through its insular position. In

the United States alone there are now over 3,000 miles of

bridgework, enough to form a highway across the Con-

tinent. This progress has been made possible by the use

of iron and steel, the application of new theories of forces.

The first attempt to use iron exclusively for long spans
was the tubular bridge. Stephenson and Harrison had

finished in 1849 the high-level bridge at Newcastle-on-

Tyne. The first iron bridge in the United States was

built at Frankfort, N. Y., in 1840.

By the introduction of the suspension bridge a great

stride was made in bridge-building. Telford, a Scotch
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engineer, designed the first bridge across the Menai

Straits in 1818, and it was opened in 1826, with a span of

579 feet and a roadway 100 feet above the water level.

Other suspension bridges followed of increasing size.

The general principle of the suspension bridge is exem-

plified in a chain hanging between two fixed points on the

same level. If two chains were placed parallel to each,

other a roadway for a bridge might be formed by laying

planks across it, but the ascent and descent would be nec-

essarily steep. No amount of force could stretch the

chains perfectly level, as even a small piece of straight

cord cannot be stretched horizontally in a perfectly

straight line. It was a happy idea to hang the roadway
from the chains, for then the roadway would remain per-

fectly level if built so as to be level after the curve had

been figured. The suspension bridge built by Roebling
in 1852 had a span of 800 feet. It was followed by the

Clifton bridge, opened in 1864. The Clifton bridge at

Niagara Falls, and the bridges at Pittsburg and Cincinnati

are of this type. The largest of all is the Brooklyn

bridge, erected at a cost of $15,500,000, and having a

clear water-way of 1,595 1-2 feet. It was begun in 1870
and opened May 24, 1883. Each cable contains 5,296

parallel (not twisted) galvanized steel oil coated wire,

closely wrapped into a solid cylinder 15 3-4 inches in

diameter, and the permanent weight suspended from

these gigantic cables is 14,680 tons.

The favorite form of bridge-building at present is

the cantilever system, the first metal bridge of that type

being Shaler Smith's cantilever over the Kentucky River,

erected in 1877. The principle of the cantilever is very

simple. A powerful structure of steel, in shape not un-

like the walking-beam of a paddle steamer, rests upon a

pier. The weight on one side balances that on the other,
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but the arms of the two cantilevers do not meet. Imagine
an engine's walking beam thirteen hundred feet long

almost a quarter of a mile resting upon its center so that

it projects in either direction 675 feet. Next fancy two

such cantilevers so placed that their ends leave an abyss

of 350 feet between them. This space is filled with an

ordinary girder bridge, the ends of the two cantilevers

serving as piers. The Forth bridge, built on this prin-

ciple and opened in 1890, is the largest spanned bridge,

having a length of 8,098 feet. It is composed of three

double cantilevers; a central one of 1,620 feet resting on

a pier built on the Island of Inchgarvie, two 1,514 feet in

length joined to the central cantilever by girders of 350
feet span. The highest elevation of the bridge is 361
feet over the piers. Fifty-one thousand tons of steel

were used in the construction of the bridge and fifty-six

lives were lost during its erection, which occupied seven

years and gave employment to as many as 5,000 men at

one time. The total cost of this bridge, which is across

the Firth of Forth at Queensbury, Scotland, was

$16,000,000. The bridge at Memphis, Tenn., is the

longest cantilever bridge in the United States, the great-

est of its three spans being 720 feet.

Improvements in sinking the foundations have been

nearly as great as those in raising the superstructure.

The caisson is an application of the diving-bell that has

simplified the work of sinking piers, and a German inven-

tor has recently devised a process by which soft earth can

be frozen and then dug out as if it were solid rock.

Modern engineering has made tunneling a compara-

tively simple operation. The tunnel is as old as the

bridge, but its development has been no less remarkable.

The early tunnels in the Century required the expenditure
of an enormous amount of time, but new devices for rock-
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boring and the removal of soft earth have simplified mat-

ters. One of the earliest known tunnels, said to have

been constructed to drain the plateau on which stands the

City of Mexico, pierced the Xochistengo ridge for six

miles. It was destroyed during a flood and was replaced

by an open cut in 1608. But it required more than a

century to build that tunnel with the devices then in the

possession of engineers. The work was done almost

entirely by hand and although the workmen were paid

only 9 cents a day, the cost was $6,000,000. Aside from

the free workmen all convicts sentenced to hard labor

were put to work on the tunnel, which cost the lives of

more than 100,000 workmen.

Nowadays machinery has replaced hand labor to a

great extent, and there is no such great sacrifice of men

required. This has made possible the building of tun-

nels of great length. The machine rock drill, invented

by J. J. Couch, an American, in 1849, Vv
'

as ^ rs ^ used in

tunneling Mont Cenis, and made possible the Hoosac tun-

nel. Mont Cenis tunnel was long one of the wonders of

the world. Nearly eight miles in length, it extends from

Madane to Bardonneche under the Col de Frejus. The

work was begun in 1857, with rock-boring machines, but

these proving impractical, for four years the workmen
drilled holes and blasted the rock by manual labor. Im-

provements in the machinery invented by Couch then

made possible the use of machinery. Before the ma-

chines were employed progress could be made at the rate

of eighteen inches per day ;
towards the close, when the

rock-boring machinery was in full working order, as

much as 400 feet per month was excavated. From 1857
io 1860 by hand labor alone 1,646 meters were excavated :

from 1 86 1 to 1870 the remaining 10,587 meters were

completed by machine.
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Most remarkable of completed tunnels is the St. Goth-

ard, piercing the Alps. Work was begun in September,

1872, at each end, and it is a remarkable feat of civil en-

gineering that the two openings met, in spite of the diffi-

culty of the survey, with a variation of only 2 inches

horizontally and 13 inches laterally. The tunnel is 9 1-2

miles long and cost about $700 per lineal yard. The first

passenger train ran through the tunnel on November i,

1881, thus making possible the passing of the Alps at a

point where before it had been possible only to moun-

taineers. Hannibal himself could not have led an army
over the Alps at that point. The motive power of the

rock-drilling machines was actuated, as was the case with

the Mont Cenis tunnel, by compressed air, and the power
used for compressing the air was a head of water.

The Simplon tunnel, though begun in this Century,
will not be completed until the next. It will supersede
the Simplon Pass road, begun in 1800 by Napoleon, who
wished a military road to Italy and built it in six years, at

an expenditure of $4,000,000 and the loss of innumerable

lives. The Simplon tunnel will be 12 1-4 miles long, mak-

ing it the longest in the world. Brandt rotary hydraulic

drilling machines are to be used, and the pressure will be

from 1,000 to 1,500 pounds to the square inch. Six or

eight machines will be used at each heading. The Brandt

machine has three cutting points like claws, with a lightly

rotary movement, and works by hydraulic pressure.

The rock-boring machine known as the Burleigh, per-

fected in 1837, gave a great impetus to tunneling. It

looks like a big syringe, supported upon a tripod, and is

worked by compressed air. It eats holes two inches in

diameter in solid granite, and makes honeycomb of it as

easily as a schoolboy would demolish a small sponge cake.

It pounds away at the rate of 200 strokes a minute, in



72 REMARKABLE ACHIEVEMENTS

which time it progresses forward about twelve inches,

keeping the holes free of the pounded rock. The prin-

cipal feature of the machine is that it imitates in every

way the action of the quarryman in boring a rock. An-

other type of rock-boring machine is the diamond drill,

which surpasses all others in the rapidity with which it

eats its way through solid rock.

Rock-boring is comparatively easy nowadays. When
soft material is encountered the work is more difficult, it

being necessary to keep the material from clogging the

excavation already made. A device has been invented to

overcome this, and it was used in the railroad tunnel under

the St. Clair River at Port Huron. It is called a shield,

and is generally used in cities for smaller tunnels. In the

St. Clair tunnel a great cylinder weighing more than 60

tons, 20 feet in diameter, and 16 feet long, was driven

into the blue clay, which constituted the entire bottom of

the river, with as great ease as cakes of soap can be carved

out of a general mass. Inside this ''shield" twenty-two
men worked removing the dirt. As fast as the shield was

pushed forward, which was 2 feet at a time, the clay thus

brought inside was dug out to the end of the cylinder.

Then the hydraulic jacks were again started and slowly

but irresistibly the immense iron tube moved another t\vo

feet into the solid earth ahead of it. Each jack had a

power of 3.000 tons and the combined power behind the

shield was more than 400,000 tons.

\Yhen water floods the work there is great risk. It

was necessary to pump 2,000 gallons of water a minute to

prevent the flooding of the Kilsby tunnel, and in the con-

struction of the Severn tunnel in England (1873-85),

which has a length of 4 1-3 miles, the tunnel was

flooded for a year by the tapping of a large spring, and
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the erection of permanent pumping engines was made

necessary.

The canals of the Century are not the greatest in

length. There is one in China nearly 700 miles long,

the longest in the world, that dates back to the Thirteenth

Century. The era of canal opening in the United States

began early, and the Erie canal running from Albany to

Buffalo is 351.8 miles in length, and was opened in 1825.

But these canal enterprises have been dwarfed as en-

gineering enterprises and in importance by the Suez

canal, which is regarded by many as the greatest engineer-

ing feat of the world. While the ancient Egyptians did

not cut directly through the isthmus, Herodotus describes

a canal from Suez to the Nile, but it became clogged with

sand, and until DeLesseps dug his great ditch it was re-

garded as necessary for all ships to make the journey
around Africa to reach the Indies. The isthmus made

necessary a journey of 15,000 miles, and a glance at the

map of Africa will show the enormous saving in time

which it effects. The journey around Africa was so

great that it was to avoid this that Columbus, ignorant of

the size of the world, made his journey westward that

led to the discovery of America.

The story of the canal is a thrilling romance. It was

conceived by DeLesseps in 1834, twenty years before he

got his concession. Then followed intrigues and diplo-

macy with Turkey and foreign powers before he could get

permission to work. Then it became necessary to raise

the enormous capital of $92,000,000 which it cost. In

spite of the obstacles the objections were finally over-

come and the canal built, being opened in November.

1869.

The Suez canal is 88 geographical or about 100 statute

miles long. The engineering difficulties were enormous.
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The minimum depth is 26 feet, and this was necessary

because of the size of the vessels which would use it. Its

average width is 25 yards. It had to be dug through

sand, and it was made possible only by the invention of

dredges to do the work. But for these the canal would

never have been built through the sand. These dredges

were the contrivance of one of the contractors. The use

of the dredging machines was prepared for by digging
out a rough trough by spade work and as soon as it had

been dug to the depth of from six to twelve feet, the

water was let in. After the water was let in the steam

dredges were floated down the stream, moored against

the bank and set to work. There were two kinds of

dredges. One, known as couloir, was a large barge of

wood supporting an endless chain of heavy iron buckets

which scooped up the mud and sand which was discharged

through pipes onto the embankment. Smaller movable

dredges were also used which discharged the mud and

sand on barges, which were divided into compartments
fixed on trucks, and, raised by steam, were placed on an

inclined plane that carried the mud to the shore. Many
were the problems of engineering which were solved

during the construction of the canal.

Another great canal is the one connecting the North

Sea and the Baltic, running from the month of the Elbe

to the gulf of Kiel. Begun in 1887, it was opened in

1895. It is 60 miles long and has a depth of 28 feet and

a width of 197 feet, being sufficient to float the largest

vessels of the German navy. The working plant con-

sisted of ninety locomotives, 2,473 cars ' J 33 lighters, 55

steam-engines, and 8,600 men. The Manchester canal,

which has made Manchester a seaport, is another great

canal enterprise of the Century. Thirty-five and a half
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miles in length, it was opened in 1893, and has a depth of

26 feet and a width of 172 feet.

By the use of shields and dredges the engineers have

sunk great piers, effected wonders in sanitary engineer-

ing, built sewers and jetties, using marvelous machinery,
often invented expressly for the purpose. The levees

built along the banks of the Mississippi and other rivers

have been triumphs of engineering skill, and have saved

thousands of lives from floods, although the loss of life is

still great.

By the skill of the engineer, aided by the architect,

tall buildings, rivaling the tower of Babel, rear their

heads skyward in the great cities. Buildings of eighteen

and twenty stories have ceased to be uncommon. They
have been made necessary by the congestion of the great

cities, for when from $150 to $300 a square foot is paid

for land it is necessary to build tall structures in order to

pay interest on the ground and the cost of the building.

There was a limit beyond which structures of brick and

wood might be built, but the use of iron and steel made it

possible to build taller structures, two or three times the

height of those possible by the old method. The new

method of construction known as the skeleton frame con-

struction, does away with the use of brick and masonry

except as a thin shell. Steel beams support the walls of

each story and these are framed between columns, per-

mitting thin walls even at the base. The frame work of

iron and steel being erected, the masons and carpenters

can work on all floors at once and build from top and

bottom. Great as have been the improvements in con-

struction, the erection of these buildings calls for the high-
est engineering skill. The Manhattan Life building in

New York, which is twenty-three stories high, weighs

21,000 tons, and there is a pressure of wind estimated at
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2,400 tons against its exposed sides, while the total

weight, including tenants and furniture, is not far from

31,000 tons. It is necessary to so construct these build-

ings that the settling from the weight may be accurately

estimated. A twenty-story structure will have sixteen

elevators that will travel 120,000 miles in a year on 14

miles of wire ropes. From 30 to 50 miles of electrical

wire serve to light the building and supply telephone con-

nections for the two or three thousand people who live in

the great edifices, while miles upon miles of steam pipes

supply the tenants with water. In such buildings one

may attend to every want without budging from them,

there being post-office, express offices, telegraph offices,

and other such conveniences, as well as restaurants and

every kind of shop, except, perhaps, livery stables and feed-

stores.

It is difficult to foretell the future of the construction

of such buildings, but it is predicted that within a score

of years they may reach thirty and forty stories in height.

Two of the most interesting pieces of engineering of

the Century are the Eiffel tower and the Ferris wheel.

The first, erected in 1889 as the crowning glory of the

Paris Exposition and a triumph of French skill, was the

idea of Gustave Eiffel. It is 985 feet high, contains 7,300

tons of iron, and cost $1,000,000. The appearance of the

Eiffel tower is familiar to every one, and it is scarcely

possible to convey any adequate idea of the great net-

work of bracings by which each standard of the columns

is united to form the loftiest structure in the world.

The engineering feat of the World's Columbian Ex-

position held at Chicago was the Ferris wheel, the inven-

tion of G. \V. G. Ferris, of Pittsburg. It is an enormous

"merry-go-round," as the machine at country fairs is

called, and the novelty consisted in its magnitude, which
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called for the highest engineering skill. The great wheel

is 250 feet in diameter, and to its periphery were hung
thirty-six carriages, each seating forty persons. At each

revolution 1,440 people may be raised into the air and

from that elevation afforded a splendid prospect, besides

an experience of the peculiar sensation, like that of being
in a balloon, when the spectator has no perception of his

motion, but the objects beneath him appear to have the

contrary motion; that is to say they seem to be sinking
when he is rising and vice versa. Begun in March, 1893,

the structure was completed in three months at a cost of

$325,000.

Though the steam-engine itself is an invention of the

previous Century, its application to everything under the

sun is an achievement of the Nineteenth Century. The

Century has also been remarkable for the attempts to get
the greatest possible return from the fuel employed with

the least possible waste, which followed the general recog-

nition of the principle of the conservation of energy
allusion to which is made in another part of this volume.

The energy stored up in coal is converted into heat energy
in the process of combustion, and transferred with vari-

ous losses to steam. This is made by suitable engines to

yield up some proportion of its heat energy for conver-

sion into mechanical motion. More energy than the coal

supplies it is impossible to obtain as energy of motion,

and engineers with a clear realization of this principle

have abandoned all schemes for the solution of the per-

petual motion problem. The criticism of an engine is

therefore on the returns which it yields for the expendi-

ture of fuel. The inventions of the Century have been in

the direction of the elimination of friction from the work-

ing parts and the employment of methods of construction

that give greater power for a small total weight.
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As Watt in the last Century found the steam engine
an imperfect and wasteful arrangement for utilizing only
a small portion of the energy of the steam supplied to it

and by the invention of his condenser and then by making
the engine double acting, made it really a steam engine;

so a great step forward was taken by Woolf in 1804, when

he developed the compound engine from the crude ideas

of Hornblower of 1781. Using steam of fairly high

pressure Woolf expanded it to several times its original

volume by cutting off the supply before the end of the

stroke in a small cylinder. Its chief advantage is that it

limits to a great extent the waste which results from the

heating and cooling of the metal by contact with hot and

cooler steam. This is the greatest improvement in the

steam engine since the time of Watt, but its advantage
was not recognized until about the middle of the Century,

when the discoveries of McXaught in 1845 and of Cow-

per in 1857, made possible the use of high-pressure steam,

and compound expansion became more and more general.

In marine engineering, where economy of fuel is of great-

est importance, we find triple and even quadruple expan-
sion engines, while the idea is recognized even in the

locomotive engines of to-day. The first triple-expansion

engine was made by Kirk in 1874.

In other directions the progress of the steam-engine

has been in features of mechanical detail and its growing

application to nearly every use.

The higher pressure of engines gave rise to a new

problem, that of the strength of boiler, cylinders, and

accessory connections necessary to withstand the enor-

mous internal pressure of the steam. Improved quality

of adaptability of iron and steel have made this possible.

and steam boilers step by step have developed to their

present form. Manual labor was used almost exclusively
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in this work until 1885, the boilers being of wrought
iron and riveted by hand. Mild steel boiler plates and

machine riveting have to a great extent succeeded these,

although, in spite of the fact that hand-riveting is much

slower, there are those who contend that it is better.

During the last few years the tubulous boiler has been

introduced. This is made so that it has no large internal

space and can thus be used for heat at high temperatures.

It more nearly approaches the theory of Sadi-Carnot,

evolved in 1824, which is that the efficiency of any heat

engine has its maximum limit fixed by the range of

temperature employed with the working substance.

Gas and petroleum engines have gained their devel-

opment during this Century. Street's engine in 1794 was

on the principle of internal combustion, to which they
owe their origin, and was worked by the combustion of

vaporized oil and turpentine. In engines of this type the

working substance is heated by its own combustion in the

motor cylinder, and because of the greater range of

temperature employed they are of higher efficiency. The
water jacket introduced by Brown in 1823, to keep the

cylinder cool and prevent the rapid degradation due to

heat, and the improvements of Lenoir have made them

practicable. The Otto gas engine, introduced in 1863,

was noisy and mechanically defective, but the Otto silent

of 1876 has proved a powerful rival to small steam-

engines. Air sufficient for combustion is mixed with

gas and a temperature of about 1,600 centigrade, with a

pressure of 100 pounds per square inch is obtained, with

the expenditure of only twenty-four cubic feet of gas per
horse power per hour. This is more economical than

any small steam engine. But with larger engines the

advantage is with the coal engine, except where natural

gas is used. Gas is used in engines just as it is used in
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grates, stoves, and ranges, always on a comparatively
small scale, where the high price is offset by cleanliness

and convenience. A gas engine means only the turning
on of a stop-cock and it comes to full speed in a minute or

two and hence where small power is used or the large

power is intermittent, the gas-engine is most economical.

Petroleum and gasoline engines, which have been suc-

cessfully applied to horseless carriages, being the favorite

method of propulsion for these vehicles work on the

same principle as the gas engine. Instead of the simple
admission of gas a sprayed jet of oil is broken up by

compressed air playing on it in a nozzle. It is then fur-

ther heated and fully vaporized by the hot products of the

exhaust. The chief objection to the oil engine is its odor.

During the last half Century the improvements in

steam-power have increased its use nearly fifty-fold. The

growth of the use of steam has been from an effective

horse power of 1,650,000,000 tons horse power in 1840

to 9,850,000,000 in 1860 to 55,580,000,000 horse power in

1895, according to MulhaH's estimates. Of this total

steam power, the United States and Great Britain to-

gether possess more than half that of the world, the

horse power of the engines of the United States being

16,940,000,000 and that of the British engines 12,970,-

000,000.

An interesting and important illustration of the econ-

omy in the application of steam-power to mechanical con-

trivances is the steam-hammer. Large forge hammers

had been in use actuated by steam before Xasmyth's in-

vention in 1842, but they were worked in an indirect

manner, the hammer having been lifted by cams and other

expedients, which rendered the apparatus cumbersome,

cosily, and wasteful of power on account of the indirect

way in which the original source of the force namely,
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the pressure of steam had to reach its point of applica-

tion by giving its blow to the hammer. The range of the

fall of the hammer being only eighteen inches, there was

a rapid decrease in the energy of blow in proportion to

the size of the piece of iron. There was no means of

controlling the force of the blow. Nasmyth hit upon the

idea, when he received an order for the forging of a shaft

for the paddle wheels of a steamer, the shaft to be three

feet in diameter, a greater size than could be accommo-

dated in any forge hammer in England. In a few min-

utes he hit upon the idea which has done more to revolu-

tionize the manufacture of iron and steel than any other

inventions that could be named, excepting those of Cort

and Bessemer. For four years the hammer was not used

outside of his shop, although now it is an absolute neces-

sity in every engineering workshop. Owing to its vast

range of power forged iron-work, by its means, can now
be executed with a perfection not previously possible.

Anything can be done with it, for the strength of the blow

is regulated at will and the most minute details of ma-

chinery as well as the most gigantic parts are forged with

its aid. At Woolwich arsenal there is a steam hammer,
built in 1874, the falling portion of which weighs forty

tons and which can strike a blow with a force of ninety-

one tons.

The main feature of the steam-hammer is the direct

manner by which the elastic power of steam is employed
to lift up and let fall the mass of iron constituting the

hammer, which is attached direct to the end of a piston-

rod passing through the bottom of an inverted steam

cylinder placed directly over the anvil. The steam is

admitted below the piston, which is thus raised to any

required height within the limits of the stroke. When
the communication with the boiler is shut oft" and the

Vol.. 10 6
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steam below the piston is allowed to escape, the piston

with the mass of iron forming the hammer attached to

the piston-rod falls by its own weight. This weight in

large steam-hammers amounts to several tons, and the

force of the blow will depend jointly upon the weight of

the hammer and upon the height from which it is allowed

to fall. The steam is admitted and allowed to escape by
valves moved by a lever under the control of the work-

man. By allowing the hammer to be raised to a greater

or less height, and by regulating the escape of the steam

from beneath the piston, the operator has it in his power
to vary the force of the blow. Men who are accustomed

to this tool exhibit their perfect control with such ac-

curacy that a watch may be placed face upwards on the

anvil and a moistened wafer on it. The hammer will

descend and pick up the wafer without cracking the crys-

tal. Yet it may be a hammer capable of striking a blow

of eighty tons.

Water-power has been used for thousands of years as

a motive power, but its practical development has come

within the last Century. The utilization of the vast

forces has been greater, especially since water-power has

been used as means for the furnishing of electricity, yet
at the present time not 5 per cent of the water-power of

the world has been rendered available for use, and the

great Niagara Falls was not made to work until the last

decade of the Nineteenth Century. While the modern

turbine is the evolution of ages the principal develop-
ments were made during this century. J. Fourneyron in

1827 and St. Blasien in 1837 made great improvements,
but in 1855 A- M- Swain, a mechanic who had been em-

ployed at the Lowell machine shop, conceived an idea

which is the prototype of all the modern turbines
; by

combining the inward and downward flow wheels, curv-
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ing the buckets both laterally and vertically he increased

the efficiency of the water-wheel by 50 per cent. The

gradual improvements since the time of Fourneyron in

1827 have served to furnish turbines of equal power in

one-half the space and at one-fifth the cost, an enormous

economy of power. The cumbersome mechanism re-

quired to use the water of a high fall has been replaced by

simple mechanism that makes use of a small fall. Of

water as a means of the generation of electricity allusion

will be made in the story of miscellaneous electrical

achievements.



MARVELOUS MACHINERY

The discovery of steam as a motive power and its

application to the ingenious machinery of the age has

effected the most rapid revolution of human affairs which

the world has yet seen. Whatever may be the achieve-

ments of the future the Nineteenth Century will have a

distinct and honorable place in history as the first age to

devote its inventive thought to the lifting of labor's yoke
from the toiler's neck. So successful has been the at-

tempt that the optimist, peering into the dim, distant

future, already sees a glimpse of Utopia. And, indeed,

the most obdurate pessimist is forced to acknowledge
that labor-saving machinery is bound sooner or later to

annul the curse pronounced upon the human race that

by the sweat of his brow shall man eat his bread.

The effect of machinery upon labor and production
is a problem too great for the finite intellect comprehen-

sively to grasp. The magnitude of figures showing the

development of machine production within the present

generation is as interesting as it is bewildering. The

productive power of the world has been multiplied many
times, and several of these multiplications in important

branches of production have occurred within the last dec-

ade. It is computed that the power capable of being

exerted by the steam machinery of the world, in existence

now, is equivalent to that of 1,000,000.000 men; or three

times the working population of the earth, on the basis

of the probable total population of the earth being about

1.460,000,000. Thus the application and use of steam

alone up to the present time hns more than trebled man's

84
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working power. By enabling him to economize his

physical strength, machinery has given him comparative

leisure, comfort, and abundance, with greater oppor-

tunity for the mental training essential to the higher de-

velopment of his species.

There is a constant multiplication of labor-saving ma-

chines. Patents are being applied for and issued daily

on mechanical constructions designed either to aid or sup-

plant man-power. There is no field of industry, however

unimportant, which has not been invaded by the inventor

with a view to minimizing the human effort required

therein to produce its quota of material.

The sewing machine is probably the most familiar as

well as one of the most important of labor-saving devices.

Its value as a labor saver is incalculable when one con-

siders that in the United States alone there are 700,000

manufactured annually. America is the sewing machine

center of the world. The tenth day of September, 1846,

may justly be considered the birthday of the sewing ma-

chine that is the machine as we know it to-day. On
that date Elias Howe to whom has been accorded the

title of father of the sewing machine, took out patents on

a practical invention, to which have been constantly
added improvements, until there now seems nothing

lacking to its perfection. It is a remarkable fact that not-

withstanding the sewing machine's being originally the

idea of an Englishman, Americans, and Americans alone,
have developed that idea. The records of the English
Patent Office show that Thomas Saint patented a sewing
machine in the latter part of the last Century. A clumsy
and archaic device was this initial effort as compared with
the beautiful mechanism of the modern machine. Saint's

machine sewed with a chain stitch, an awl forming the

hole, and a needle with a notch in its pointed end carried
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the thread through the cloth and formed a loop. An

equally crude attempt was made by Thimonnier, a

Frenchman, in 1830. Walter Hunt, of New York, in-

vented a machine in 1834, but his application for patent

was rejected on the ground of abandonment.

Howe's struggle against adversity while perfecting

the priceless secret which lay hidden in his brain, and his

final triumph, read like a page of romance. When the

father of the sewing machine first conceived the idea of

his invention he was absolutely ignorant of the early at-

tempts of his predecessors. Had he known of the at-

tempts of Saint and Thimonnier his road to success might
have been many years shorter. Howe's first device was

a needle pointed at both ends, and having an eye in the

center. He soon abandoned this idea. Then there came

to him the happy thought, all his own, of using two separ-

ate threads, one in the needle and the other under the

cloth, and forming a stitch by the co-operation of the

shuttle. This was in 1844, and in 1845 he had con-

structed a machine along these lines, on which he sewed

two complete suits of clothes for himself. Flushed with

triumph, the inventor submitted his machine to the in-

spection of the tailors, to be met not with encourage-

ment, but with suspicion and derision, although the ma-

chine beat five of the swiftest sewers. After securing

his patent, Howe, discouraged by the treatment which his

countrymen had accorded him, betook himself to London

with his "hobby." Here he fared no better, and several

years later returned to America, penniless, to discover

that in his absence the mechanical world had awakened to

its possibilities and that his shuttle machine was being
built and sold right and left. After a bitter contest,

Howe was given the custody and control of the child of

his brain. In pronouncing the verdict in Howe's suit
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against I. M. Singer & Company, decreed in 1854, Judge

Sprague, of Massachussets, observed that "there is no

evidence in this case that leaves the shadow of a doubt

that, for all the benefit bestowed upon the public by the

introduction of the sewing machine, the public are in-

debted to Mr. Howe." Howe realized during his life

more than a million dollars in royalties and license fees

for his inventions and improvements, and Isaac M. Singer

lived to see the business, of which he was the founder,

develop into colossal proportions from the investment of

$40. Howe was decorated with the cross of the Legion of

Honor by France in 1867, the year of his death.

Next to Howe, Allen B. Wilson is the inventor who
has done most to give us the present perfected machine.

The two most ingenious and beautiful pieces of mechan-

ism, the rotating hook and four-motion feed, are his in-

ventions. He claims to have conceived the idea of a

sewing machine in 1847. ^n ^S 1 Wilson patented his

famous rotating hook. This performs the functions of a

shuttle by catching the upper thread and drawing its loop

over a circular bobbin containing the under thread. The

four-motion feed was added to the sewing machine in

1852, and like the rotating hook, was an invaluable ad-

junct. The four-motion feed, in combination with a

spring presser foot, forms the basis of all modern feed-

ing mechanisms. The feed bar had four distinct mo-

tions, two vertical and two horizontal. It is due to the

reciprocal action of this mechanism that the cloth moves

automatically along the seam, without the aid of the

seamstress' hand. After securing patents on his im-

provements Wilson became acquainted with Nathaniel

Wheeler, who possessed some capital, and out of this

connection grew the firm of Wheeler & Wilson, who

brought the sewing machine to a still higher degree of
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perfection. The earlier machines had no driving power

except the common hand crank. Isaac Singer conceived

the idea of using a treadle similar to that employed on the

old spinning wheel. Soon after came the iron treadle

for both feet.

The sewing machine as originally invented was built

with the sole purpose of cloth sewing. In 1851 Isaac

Singer built a machine, patterned after the instrument in

use in that day, but heavier and more powerful. This

was designed for the leather industry, and indeed has

completely revolutionized that branch of production, as

will be shown farther on. Some idea of the patient in-

vestigation, deep thought, time and money that have been

spent in perfecting the modern sewing machine may be

gained from the fact that from 1842 to 1898 more than

7,000 patents have been granted on its various improve-
ments and modifications.

It is in the use of sewing machines in factories that the

greatest revolution has been effected. The manufac-

tures in which sewing machines are essential are awn-

ings, tents, sails, bags, bookbinding, boots and shoes,

clothing for men and women, corsets, flags, banners,

men's furnishing goods, gloves, mittens, hats, caps, pock-

etbooks, rubber and elastic goods, shirts, saddlery, and

harness. The largest sewing machine in the world is in

operation in Leeds. It weighs 6,500 pounds and sews

cotton belting. One of the most beneficial effects of the

sewing machine, next in importance to its value as a labor

saver, is the cheapening of clothing. The enormous in-

crease during the last ten years in the factory production

of ready-made clothing has been coincident with and

largely the result of the invention of special appliances

and attachments adapting the sewing machine to factory

operation in the performance of all stitching processes, in-
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eluding button hole and eyelet making, attaching buttons,

staying seams, inserting whalebone, etc., etc.

The concentration of the manufacture of clothing into

factory operation, alone made possible by the sewing

machine, has effected some important economics in the

marketing of cloths, especially the cheaper fabrics, such

as jeans, denims and shirtings. These goods are now
sent directly to the mills, to the factory, and no longer pass

through the jobber's hands. The extent to which wear-

ing apparel of all kinds has been cheapened in consequence
of the use of the sewing machine can be expressed only
in figures running far up into the hundreds of millions.

In the whole field of invention it is doubtful whether there

has ever been devised such a great labor saver, or one that

has ministered more intimately to the needs of the human
race than the sewing machine.

No branch of industry has received a greater impetus

by the introduction of labor-saving machinery than has

the manufacture of boots and shoes. The cobbler and

the journeyman shoemaker have become as obsolete as

the spinning wheel and the distaff. Changes in shoe-

making methods and processes have been most radical

and rapid. Indeed the metamorphosis of the industry

has occurred entirely in the past forty years. This great

revolution is due to the sewing machine more than to any
other mechanical factor. Formerly the fitting of the

uppers was accomplished by sending them out in small

quantities to be stitched by hand in the homes of the oper-

atives. Then the sewing machine of a style and pattern

adapted to the purpose \vas introduced into the factories,

and steam power employed for the driving of the ma-

chines. In 1 86 1 the first machine for sewing on soles was

put into operation, and a royalty of 2 cents on each pair

of shoes was exacted by the patentee. In one day of ten
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hours 900 pairs of shoes could be sewed on one machine.

The machine now in general use does its work in a man-

ner closely resembling hand sewing. After examining
the sewing and welting machine Thomas A. Edison de-

clared it to be equaled only by the Blanchard lathe in

ingenuity and importance. "With the exception of the

in-seam the whole of the sewing on even the finest pair of

shoes is done by machinery, and the cheaper grades are

made entirely by machine. A shoe factory in Lynn,

Mass., made a pair of ladies' boots for the Paris Exposi-
tion of 1889 in just twenty-four minutes. For this feat

the pair of shoes went through the usual routine of the

shop. Forty-two machines and fifty-seven different

operators contributed to the operation, which, included

the cutting up and stitching of twenty-six pieces of

leather, and fourteen pieces of cloth, the sewing on of

twenty-four buttons, the working of twenty-four button

holes, and the insertion of eighty tacks, twenty nails, and

two steel shanks. Since that time still more perfect

machinery has been introduced into the industry, and a

pair of ladies' shoes may now be turned out in twenty

minutes. It has been computed that the introduction

of new machinery within the past thirty years has dis-

placed employes in the proportion of six to one, and that

the cost of the product has been reduced one-half. By
the use of the Goodyear sewing machine, designed for

turned shoes, one person can sew 250 pairs per day.

Were the work to be done by hand it would require eight

men to do the same amount of work in the same time.

The heel shaver or trimmer enables one man to trim

three hundred pairs a day, while formerly three men

were required to do an equal amount of work in the same

time. One operator can handle with the McKay



MARVELOUS MACHINERY 91

machine three hundred pairs of shoes per day where he

formerly handled but five.

The evolution of the textile industry has been as rapid

as it is picturesque. It is almost impossible to associate the

whirr of the spinning wheel of the olden time with the

terrific roar of the modern textile factory, and yet less

than a hundred years ago the spinning wheel was found

in the house of every thrifty man or woman. The labor

saving machines which have contributed to make the in-

dustry what it is to-day have all been the inventions of

the past fifty years. Before then the various processes of

manufacture were in a transitory state of existence. In

1851 mechanical methods, systems and comparative per-

fections of product became known to the world at the Lon-

don international exhibit, and from that time down to

the present there has been a succession of clever inventions

the ultimate object of which was the saving of human
labor. No manufacture offers a more striking illustra-

tion of this apparent displacement of man by machine.

With the power loom the weaver now weaves 180 picks

per minute, whereas with the old hand loom he could

weave but sixty. When the power loom was first intro-

duced one weaver was required for each loom, and still

more recent improvements have made it possible for one

operative to attend to ten looms. The ring frame improve-
ments in the spinning process have displaced that line of

labor to such an extent that but one-third the number of

operatives formerly required is now necessary. With the

single spindle hand wheel one spinner could spin five skeins

of number 32 twist in fifty-six hours. The modern mule

spinning machine, containing 2,124 spindles, produces,

with the assistance of one operator and two small girls,

55,098 skeins of the same thread in the same time. With

the old hand loom one weaver could weave 42 yards of
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coarse cotton per week; now a single operator can turn

out 3,000 yards of the same product in the same time. It

is computed that in the manufacture of cotton goods alone

improved machinery has reduced muscular labor 50 per
cent in the production of the same quality of goods.

So perfect is the equipment of the modern cotton fac-

tory, throughout, that the first processes through which a

bale of cotton must pass are almost entirely automatic.

The bale is broken open by machinery, thrown upon an

endless chain, which carries it up through the mill and

breaks and picks it to pieces. It then passes through
machines that take out the dirt, and is run through great

rollers, which separate the strands, and joins them together

again almost in the form of yarn. It then passes into a

machine which converts the soft mass into what resembles

cotton batting, whence it goes to the carding machine.

This mechanism contains teeth so fine that thousands of

them are on a square foot of surface. These brush and

comb the cotton as it passes through them, and turn it

out in a great soft, white rope, which is seized by a series

of machines which twist it tighter and tighter as it passes

from one to another until it has been drawn out to the

required fineness. It is now ready for the weaving room,

and in five minutes the soulless machine has done an

amount of work which would require the old time spinner

long years of patient, unceasing toil. The thread comes

to the v\ caving room wound on spindles, and another set

of threads are wound upon rollers of the width of the

cloth. These are to make the warp of the cloth. The

spindles which move in and out with beautiful precision

form the warp. The only human agency required in the

actual process of weaving a piece of cotton is a girl or man
to attend the loom and keep an eye on the shuttle, which

flies back and forth about 150 times every minute. So
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great has been the improvement of modern machinery over

that used fifty years ago that the productive capacity of a

spindle to-day is 44 per cent greater than it was then,

and the industry itself has increased in production almost

900 per cent.

What is true of the cotton manufacture is likewise so

of the wool-weaving industry. Improvements in machin-

ery and labor-saving methods have expanded the annual

product from $70,000,000 in 1850, to nearly $300,000,-

ooo. The chief mechanical factors responsible for this

vast increase are the loom and the comb, now brought to

a remarkable state of efficiency. The combing machine

which is almost identical to that used in cotton making, is

of comparative recent development. The introduction of

the improved machine about seventeen years ago com-

pletely revolutionized the wool industry, with a conse-

quent increase in productiveness of about $100,000,000
and a proportionately infinite decrease of labor.

The inventive genius of mankind has not despised the

plebeian, but useful, nail, and labor-saving mechanisms for

its output are so successful that the cost of production of

a single keg of nails is infinitisimal. Indeed so cheap have

wire nails become that if a carpenter drops one it is cheaper
for him to let it lie than to stop and pick it up. It is

claimed that one keg out of five is never used, but goes to

waste. A statistician who recently figured this out, on

the assumption that it takes a carpenter ten second to pick

up a nail, and his time is worth thirty cents an hour, com-

putes that the recovery of the dropped nail would cost

0.083 cen t
; while the cost of an individual sixpenny nail is

0.0077. Such a calculation brings out clearly the marvel-

ous reduction in prices due to inventive genius. This is

true of every item which would come under the cover of

a hardware dealer's catalogue. There are in machine
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shops all over the country gray-haired mechanics who well

remember the time when the ideas of machine-made filei

were held up to scorn, and when all first-class, well-known

makes of files were hand cut. It would be difficult for

them to now tell the difference between a hand-made and a

machine-made file. Within the past few years machines

have been making files which cannot be approached by the

most expert file cutters of Sheffield. The great difficulty

in perfecting the file-cutting machine was the inability to

cut uneven teeth, for the teeth of a file are not so even as

they look. This irregularity in the case of hand-made

files, was the evidence of extraordinary skill, and it was on

this point that the hand workers considered their position

unassailable. The successful machine cuts the teeth with

a loose chisel, and the feed is such that the gradation of

width and depth gives the teeth that unevenness so desira-

ble. Equally incredulous were the old-school mechanics

over the possibilities of the machine-made rasp, which late

years have seen brought to a high state of mechanical per-

fection.

Pins, like nails, are such a cheap commodity that it

is an extravagant waste of time to pick up a dropped one

from the floor. And yet not so very long ago it took

twelve to fourteen men to make a pin that is, there were

twelve or fourteen processes in its manufacture, each

requiring performance separately and by a different hand.

Now one machine turns out a steady stream of pins at the

rate of more than two hundred a minute. Until the pres-

ent Century, particularly the latter half of it, pins have

been esteemed almost as dearly as jewels and fine laces.

The term, "pin money," is significant of the value attached

to the article. One of the laws of the ancient pin-makers

of Paris was that no maker should open more than one

shop for the sale of his ware, except on New Year's Eve
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and New Year's Day. Then the court ladies obtained

money from their husbands and rushed to the pin shops to

lay in their yearly supply. Even so late as 1761 John and

Thomas Stevenson inserted a modest advertisement in a

Boston newspaper informing their customers that among
other elegancies they had imported pins and needles.

Simple and insignificant as is the pin in appearance,

its manufacture involves a most complicated process, and

much intelligent thought and ingenuity has been expended

upon the perfection of mechanism that contributes to its

immense production. The wire is prepared by drawing
it from an immense coil through an aperture the size of

the pin wanted. It then passes into a machine through a

hole and between a series of iron pegs, which straighten it

and hold it in place. A pair of pincers pulls it along and

thrusts the end of the wire through a hole in an iron plate,

on the other side of which a little hammer beats on the end

of the wire and thus forms the head of the pin. Then a

knife descends and cuts it off to the required length. The

pin falls into a groove, from which it hangs suspended by
the head and with the lower end exposed to the action of

a cylinder by which process the pin is pointed. These

processes are all performed with such rapidity that there

is an endless stream of them falling from the end of the

machine. They next pass between two grinding wheels

and are forced against a rapidly moving band faced with

emery cloth, which gives them a still sharper point. After

they are dipped in the polishing tub of oil, where they

receive a brilliant polish and finish, they are ready for the

sticker, where they fall from a hopper on an inclined plane

containing a number of slits. The pins are caught in these

slits, point downward, and slide along to an apparatus

which inserts them in paper. This mechanism is perhaps

the most beautiful and ingeniousof all the complicated con-
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trivances that help in the making and manipulation of the

pin. It does its work at the rate of 100,000 pins an hour,

and yet so delicate is its constructions that a single bent

or imperfect pin will cause it to stop feeding until the

obstruction is removed by the attendant. The pin fac-

tories of the United States, forty-five in number, employ

1,600 persons, and turn out pins to the value of $1,000,000

annually. By a computation made in London ten years

ago it was shown that the weekly production of pins in

Great Britain alone was 280,000,000, of which consider-

ably more than half were made in Birmingham. At that

time 120,000,000 per week were made in France, and

another 120,000.000 in Germany, Holland and Belgium.
Since then the production of pins has increased largely.

It is calculated that only I per cent of the pins manufac-

tured are worn out or broken. The other 99 per cent

are lost.

The needle, though old as civilization itself, had to wait

until the Nineteenth Century to see its most perfect and

economical development. Until 1826, when a machine

for producing drill-eye needles was introduced, they were

made almost entirely by hand. The first mills, established

early in the last Century, were utilized for scouring and

pointing needles, displacing the process of wrapping in

emery dust and olive oil and the two days rolling, which

was but a small part of the elaborate manual process which

every needle had to go through prior to that time. The

making of a needle by hand was quite as tedious an under-

taking as would be the search for one lost in a haystack.

Small square rods of steel were passed through a charcoal

fire and wrought into cylindrical form by a hammer. The

rod, reheated, was thrust through a large hole in a wire

drawing iron. This heating process was repeated over and

over again, each timethcrod being forced through a smaller
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hole than the preceding, until the steel bar was reduced to

the small diameter required for the needle. Then it was

cut into strips the length of the needle, one end of which

was hammered flat to form the head, and placed in the

fire to soften. A well-tempered steel puncheon stamped
out the eye. Then the corners of the flattened head were

filed to the necessary roundness of contour and the other

end filed to attenuation. Having been heated over a char-

coal fire they were then submerged in cold water to harden.

This was the crucial part of the process. If it was the

least bit too hot or too cool, the needle was spoiled. A
baking completed the operation of tempering. Then came

the polishing in the emery dust and olive oil composition,

the needles being placed in a piece of new buckram, which

was done up in a roll tightly fastened at each end. The

needlemaker then placed this roll under a stout plank,

loaded with heavy stones, and for two days two men
rolled this backward and forward, the friction of one

needle against the other imparting a fine polish. Then

came a washing in hot water and soap, and the drying of

the needles in a box of bran.

The introduction of modern machinery has greatly

facilitated needle making. Two years after the drill-eye

machine was invented an effective burnishing machine

came into use, but it was not until 1840 that the opera-

tion of hardening needles in water was abandoned.

Owing to the action of the water many of the needles,

though straight when immersed, came out crooked. The

straightening of these needles employed an immense num-

ber of persons. In the year mentioned a needlemaker of

Redditch, England, the principal seat of the industry, dis-

covered the process of hardening in oil, which was so

efficient that crooked needles were rare. The needle

straighteners of Redditch, who formed a large part of the

Voi,. 10 7
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population, and who were thus thrown out of employment,
raised a terrific riot and ran the enterprising inventor out

of town. The most important of the new machines for

facilitating the industry is the pointing machine. Its

introduction, as in that of the oil-hardening process, was
attended with bitter opposition from the needlemakers

whom it threw out of employment. The original machine

was secured by the angry workmen and broken to pieces.

The pointing machine feeds the needles from an incline

plane to a grooved grindstone revolving at great speed.

A rubber disk, moving with a lateral motion against the

needles, causes them to turn while being ground. A
machine which will take the steel bar and turn it out in

cases of fine needles without the manipulation of the

human fingers is attracting the attention of manufacturers,

although as yet it has never been put to the crucial test.

On the part of needle importers in this country, the report

of such a machine is heard with skepticism. Its improb-

ability seems apparent when one considers that even with

the improved machinery now used, a needle must pass

through seventy pairs of hands before reaching a market-

able condition. They admit a machine may be possible

for the manufacture of coarse needles, but they aver the

making of fine needles to be an art, and in common with

all true arts, secure from usurpation by the machine. But

in the face of fully as great achievements in other indus-

tries, who shall deny the possibility of such a labor-saving-

mechanism in that of needlemaking?
The modern timepiece, with its delicate and exquisitely

adjusted mechanism, is one of the marvels of the age.

And yet watches are so cheap nowadays, and they have

become such common luxuries yes, even necessities that

people have almost forgotten the day of the old-fashioned,

clumsy, hand-made affairs. The present perfection of
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mechanism and cheapness of price of all kinds of time-

pieces are due solely to the invention of machinery for their

manufacture. The principle on which the machine-made

watch is built is that of the spiral spring motor and a train

of wheels, of graduating circumferences. The spiral

spring, or motor, is attached to the largest wheel by a little

projection which is turned when the watch is wound.

Turning this projection causes the spring to wind around

it, where it is held in place by what is called a pawl. This

tightly-wrapped spring naturally endeavors to unwind,
and in so doing exerts a pressure of several ounces against
the pawl, and the pawl being fastened to the body of the

wheel, causes the wheel to turn around. In order that

the spring will not unwind too rapidly there is a system
of delaying mechanism. In the center of the second larg-

est wheel is a small-toothed axle which is fastened to the

large-toothed wheel, of which it forms the center. The
teeth of the big wheel, inserting themselves in the teeth

of the toothed axle or pinion, drive the smaller wheel as

many times faster as the large wheel is greater in circum-

ference than the pinion. The second wheel acts on the

third, and the third on the fourth in just the same manner.

The speed which has now been attained would be entirely

too fast for use were it not regulated. This is done by
what is called an escapement wheel, containing odd-

shaped teeth, which can turn around only as the pendulum
above it moves. It is impossible to use a pendulum, how-

ever, in a watch, so other means have to be used to oscillate

the fork. This is done by what is called a balance wheel

and a hairspring which counteract the velocity given the

wheels by the mainspring in this way : The hairspring is

curled up in the center of the balance wheel, and when the

mainspring puts the train of wheels in motion and turns

the escape wheel, the fork moves to one side, and in so mov-
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ing winds up the hairspring. One tooth of the escape

wheel slips by, and the released hairspring turns the bal-

ance wheel and moves the fork the other way, admitting

one more tooth of the escape wheel, when the mainspring

is again engaged. Thus the operation is repeated until the

watch runs down. The compensation balance maintains

the equilibrium of the machinery as regards expansion and

contraction from heat and cold. This device consists of a

series of small screws on the periphery of the balance

wheel, and a proper adjustment of these screws has a

tendency to make a watch run accurately at all common

temperatures. Were it not for this delicate piece of

mechanism an increase of twenty-five degrees in tempera-

ture would cause the watch to lose seven seconds an hour.

On the fourth largest wheel of a watch is the second hand,

while on the second wheel of the train, so-called because of

its location, is the minute hand. When absolutely perfect

adjustment of every part of the watch is secured, the

center wheel will revolve once an hour, carrying the

minute hand with it. The hour hand is carried by two

additional wheels, so arranged that they revolve about the

same center as the wheel carrying the minute hand, but

without interference with each other's motion.

Of all the many improvements in the mechanism of the

watch as we know it t^-day, the stem-winding device is

probably the most useful and important. "Watches made

on this system have also a setting mechanism, equally con-

venient and delicate. This consists of a small sliding levero

which is pulled from the side of the case, or in many
instances the stem itself connects with this setting appa-

ratus, and is operated in connection with and similarly to

the winding of the watch. In the better grade of watches

friction of those parts sustaining the greatest amount of

wear is obviated by minute jewels, usually rubies, which
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serve as bearings. Without the jewel movement, a really

excellent watch can be bought for a dollar, and it will keep

good time for at least a year.

Machinery for the cheap and rapid production of but-

tons of all kinds is a notable acquisition to Nineteenth

Century industry. Two hundred years ago there were not

so many buttons in the whole world as one will find to-day
in the smallest country "general" store, and each one of

these buttons was made by hand. Less than fifty years

ago there was not a single button factory in the United

States and practically no machinery for its production in

Europe. Buttons were strictly an imported luxury, and

the common people had to put up with very common

grades and not many of such kinds even, for buttons were

an expensive convenience. Now they are so cheap as to

justify the use of the phrase, "not worth a button." It is

computed that the people of the United States alone unbut-

ton one billion four hundred million buttons every night,

when they get ready to go to bed. Samuel Williston, of

Easthampton, Mass., started the button industry in the

United States in 1848. Williston was a country store-

keeper who failed in business, and whose wife covered

buttons to eke out a miserable existence. Williston's

attention being drawn to the subject, he soon invented a

machine to do the work of covering the old-fashioned

wooden button molds, which invention not only brought
him a fortune, but excited the ambition of other inventors

in the same direction. The machines used in making but-

tons are necessarily multitudinous, and although their

product is simple the machines themselves are of the most

clever mechanism.

It seems incredible, but is nevertheless true, that a

greater quantity of steel is used annually in pen makingthan

is consumed by all the gun, sword and needle manufactories
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in the world. In one sense at least the pen can truthfully

be said to be mightier than the sword. An yet the

modern metallic pen of commerce is only about fifty years

old. Like pins and nails, there is so much work about a

pen that it is a marvel to the thoughtful how they can be

sold as cheaply as they are. The only explanation is in the

perfection of the machinery which manipulates them. In

Birmingham, England, there are a number of pen factories,

which turn out a total of 150,000,000 pens every week. To
make a million pens a full ton of steel is required, of the fin-

est crucible quality and rolled into sheets 7-1000 of an inch

thick. Men perform this initial work on the pen that is,

they roll it to the required thickness. Then it is cut into

strips as wide as two pens are long. When it leaves the

cutting presses the steel is shaped like a pen, but is fiat.

The forms made by the presses are then put into a red hot

furnace, and when thoroughly heated are taken out and

permitted to cool slowly. Another set of presses hammers
the points as well as stamps the name of the manufacturer.

This done, the pens are reheated, and while still hot are

cast into oil for the purpose of hardening. To clean and

whiten them they are next boiled in water, to which soda

has been added, from which they pass into a cylinder which

revolves over gas jets. This process turns them blue, and

they are then ready for marketing.
The history of American progress is contemporaneous

with the growth of the paper trade, and that growth owes.

its evolution entirely to the labor-saving machinery which

has been introduced into the industry. Chief among these

mechanisms was the invention of Louis Robert, which

revolutionized the paper business. This machine was

perfected and patented early in the Century by Four-

drinier, and it remains to-day, with multitudinous im-

provements, the standard paper maker of the world.



MARVELOUS MACHINERY 103

In 1860 a German named Voelter perfected a system

whereby wood fiber was substituted for rags, and ""he

problem of still cheaper paper was solved. To such per-

fection has this process of Voelter's been carried that if

the distance were destroyed the tall spruce tree of to-day

might supply the fiber for to-morrow's newspaper. The
material out of which wood fiber paper is made is usually

spruce timber. The huge circular saws of this machine

cut the logs into the proper length for the splitting

machine; another machine removes the knots, after which

it is but a short journey to the grinders, which reduce the

wood into a pulp by huge revolving grindstones. From
the moment the log leaves the hands of the grindstone
feeder the work of man is finished. From that point

until the huge white roll of paper is put into the packers'

hands the machinery has done all the work. The pulp, in

either its raw state as it leaves the pulp mill, or in the

storage condition, is fed into the engine, which is a simple

contrivance resembling the threshing machine in its con-

struction. A cylinder covered with steel teeth revolves

in a tub of pulp, which has been thinned with water. In

opposition to this cylindrical motion is a bed of steel teeth,

so arranged that those in the revolving cylinder will pass

those in the bed. This process breaks the pulp into fiber

of proper length and at the same time mixes the pulp with

water. When the large vat of pulp has been reduced to

the proper consistency the mash is transferred to a recep-

tacle, where it awaits the call of the paper machine. The

thoroughly mixed pulp is then fed on to an endless brass

wire cloth, the meshes of which allow the water to escape

as it moves. The wire cloth is kept in a vibrating motion,

thus accelerating the flow of water and assisting in the

knitting of the fiber. An endless web of felt takes the soft

mass of refined pulp, and conducts it through several large,
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cold rollers. This operation removes much of the latent

moisture and presses the beds of fiber into closely knit

strips, which are carried through a succession of hot roll-

ers, whence the paper comes out dry and firm. The calen-

der process completes the operation, and the paper is auto-

matically wound into immense rolls measuring three feet

in diameter. But the product turned out by the foregoing

process is simply paper in its most primitive form, e. g.,

for wrapping or common printing uses. Inventors have

not been contented to allow this commodity to remain in

such a comparatively narrow field of utility. They have

devised processes whereby we have paper car wheels, and

to seme extent, in Russia and Germany, railroad trains are

run on paper rails. We have paper horseshoes, paper

dress materials, trunks and dishes. In Japan paper houses

are said to be common, and in this country paper boats are

in daily use, as are also paper pipes for carrying water,

steam and sewage.

The story of the hat is but an unceasing buzz of mar-

velous machinery from the moment the fur is deposited in

the "devil/' until it is ready for the wearer's head. The

ordinary felt hat of the present clay is made almost entirely

of animal matter, the only vegetable material entering into

its construction being the cotton back of the satin of which

the linings are made. The fur which has been cut from

the hide by a mechanical process is thoroughly sifted by the

teeth of the "devil," a cone-shaped box through which a

current of air passes. The fur is then ready for the blow-

ing machine, the latest of which is an English invention.

This machine consists of a box forty feet long and about

four feet square. This process sorts the hair from the fur.

The fur, being lighter than the hair, floats into one com-

partment, while the hair remain- in another. Xext is the

forming machine, which consists of a wide oil cloth apron,
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a pair of feed rolls, picker, a metallic drum, an open turn

table and a powerful exhaust fan. The fan creates a cur-

rent of air into which the fur is thrown from the drum

to the cone. When the fur is all on the cone, just enough
for one hat, it is wrapped in wet cloths and immersed in

hot water, where it remains a moment before going to the

hands of the hardener. Thence it goes to the "sizing"

machine, the shaving machine and the "second sizing"

machine, by which time it is ready for the stiffening proc-

ess. Not until it has been blocked, however, does the

cone of fur bear the least resemblance to a hat. The

blocking, which is entirely mechanical, is done by immers-

ing the bodies in hot water and shaping them, one at a

time, over blocks suited to the hat's final style and shape.

The dyeing process which follows that of blocking is also

purely mechanical. Then follows the finishing. In this

process the hat is taken to a steaming table where it is held

in live steam until it becomes soft enough to pull over the

block which gives the crown its final shape. After this

follows the stiffening, curling and trimming operations, if

it be a derby hat. Soft hats are treated essentially the

same as stiff, except some details of the stiffening process.

While there is still some hand work done in the later

stages of the making of a felt hat in an American factory,

such a thing is almost unknown in an English factory.

During the last fifteen years there has been more machin-

ery introduced into American hat factories than in any

prior period. The honors for the invention of the

improved machinery are about equally divided between

England and America. While the English machines and

systems have greatly improved the quality, the Yankee

machines have made the present product possible, for with-

out the forming machine, an American invention, the pres-

ent output at present prices would be absolutely impossible.
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A unique piece of automatic machinery invented for

practical purposes is the slot machine. So numerous are

they and so varied are the needs which they fill and fill

successfully that they may justly be regarded as one of

the great labor-saving devices of the age. The slot

machine has ousted numberless human employes and filled

their places with automata that do their work with super-

human precision and faithfulness. The chewing gum
machine is a permanent institution. The chocolate

machine, which only requires a cent to operate it, has to a

large extent taken the place of the candy girl, Cologne,
ice water and newspapers are dispensed also with a prompt
hand by these mute servitors. There is also the machine

that will ascertain your weight and print the amount there-

of on a piece of paper. Another contrivance will test the

strength of your grip, measure the expansive power of

your lungs and tell you the extent of your stature in feet

and inches, all for the sum of five cents, duly deposited in

the slot. The plan of the slot machine is pretty much on

the same principle whatever may be its particular mission.

In the case of weighing machines, the mechanism is such

that when the penny is dropped in the slot a coin of exactly

the same weight and size as the penny falls into a little

receptacle, and its weight turns what is technically known

as a "dog." This ''dog" releases the indicator, which flies

around to the proper weight number on the dial, while the

penny rolls through a metal cover into a canvas bag. The

slot machine originated in 1887 in the form of what was

known as the Grannis weighing machine. There seems

to be no end of the possibilities of the slot machine, or the

effects that can be brought about by the insertion of a coin

and the corresponding turning of a "dog." One of the

most marvelous of these machines is the automatic news

dealer, which sells any size and weight of newspaper, from
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the twenty-four page Sunday sheet to the smaller daily,

and returns change when the price is under a nickel. It

can also be set to make change for any coin and it cannot

be cheated. It is the prediction of inventors that before

many years have elapsed they will have perfected the slot

machine so as to have it take the place of the bartender, the

soda water clerk, and a host of other callings all more or

less indispensable to human welfare, pleasure or happiness.

Although restricted solely to the use of physicists, by
far the most remarkable labor-saving mechanism in the

world is the ruling machine in the physical laboratory of

the Johns Hopkins University, at Baltimore. This mar-

velous machine, with its diamond point, rules 15,000, 40,-

ooo or 125,000 lines to the square inch; which figures

represent an amount of human labor not only infinite in

duration, but absolutely impossible of attainment. This

machine, designed by Prof. Henry A. Rowland, of the

University, and constructed by Theodore Schneider, the

machinist of the University, is for the purpose of ruling

lines on polished pieces of metal so as to form what physi-

cists call a "grating." All physicists and investigators of

the sun's rays are dependent upon this little machine for

their gratings, it being the only one in the world. The

purpose of the grating is the dividing of a ray of sunlight

into its component parts, the ordinary prism, which divides

the ray into the seven primary colors being the simplest

method. But the limit of research with the old-fashioned

prism has long been passed, physicists being able to get

further into the subject by means of the gratings, and the

larger the number of gratings the better the ray

is reflected. These lines are so close together that

they cannot be seen with the naked eye, but under the

microscope every line is perfectly distinct and absolutely

accurate. Were there the slightest variation in the paral-
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lelism the grating would be entirely useless for scientific

purposes. It is claimed for Prof. Rowland's machine that

if a diamond of sufficient strength could be secured a grat-

ing of a million lines to the inch could be procured. The

machine sits on three legs and has a stout frame, the

motive power being a little hydraulic engine. It is driven

by a belt attached to a driving wheel of solid steel, a crank

being turned at the same time on the other end of the shaft.

This crank moves the carriage that pushes the diamond

point back and forward over the surface of the grating.

Every time the diamond makes a stroke the metal plate

beneath moves an infinitesimal space. The carriage which

carries the plate is moved by a steel screw. In order that

this screw might be absolutely perfect it was ground under

water kept at a certain temperature. If made in the air,

or had the temperature of the water varied, the expansion
would have caused the threads to vary slightly. This

would have caused the carriage to vary, and as a conse-

quence the spaces between the grooves would not be equal.

Foreign universities have tried to make as good a machine,

but without success. So the Rowland "gratings" supply

the spectroscopes for all the universities of the world.

One of the most phenominal labor savers in the world

is the giant crane used in lifting stone on the sea wall, con-

structed at Peterhead on the north coast of Scotland. It

is capable of lifting one hundred tons, and can pick up a

modern locomotive with as much ease as the same locomo-

tive would draw a train of cars. It can lift the cubic con-

tents of 100 car loads, and scatter the material over a wide

section of the landscape. So long and powerful are its

arms that it can set a sixty-ton block in the sea 100 feet

deep and seventy-two feet from the outer edge of the

masonry wall. The work of this machine alone displaced
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two thousand men, who otherwise would have been daily

employed on the building of the wall at Peterhead.

The perfection of mechanism obtained in very recent.

years has reduced the manufacture of sugar to a point
where it becomes almost entirely automatic. The early

part of the Century the life of the sugar-maker was synon-
omous with that of the traditional galley slave. Under a

burning sky he cut the cane, stalk by stalk, with a common
knife, a long and tedious task; then he piled it in tumbrels

and carted it away to the "sugar house," where by a

medieval process, and with much waste, it was converted

into sugar and molasses. Now the cane is dumped on a

cane-carrier, an endless traveling conveyor of wooden

slats. This feeds the cane into the cutter, consisting of

two large corrugated iron rolls, which crush and cut the

cane into strips six inches long. This process extracts 60

per cent of the cane. The juice which has escaped into

a tank below, is automatically pumped and strained into

a higher tank, whence it flows into a large open caldron.

Then the juice is boiled to evaporate the water. The

vacuum-process pan, invented by Norbert Rillieux, of New
Orleans, has completely superseded the old method of

doing this, which method consisted of running the liquid

through a series of open pans. The Rillieux \-acuum pans
are cylindrical tanks, with facilities for conveying the

steam to the next pan. Inside each pan is :i huge drum

with copper tubes, through which the juice circulates.

Exhaust steam of a temperature all the way from 190 to

208 degrees Fahr. is admitted into the drum and around

the pipes. But the syrup does not boil, as a partial vacuum

is maintained in that portion of the pan in which the juice

circulates. The fluid is thus kept just below the boiling

point sufficient to evaporate in the form of steam. The
steam coming off the first vacuum pan boils the juice
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brought in from the first pan, because a better vacuum is

maintained in the second pan. From the second pan the

exhaust steam passes on to the third pan in the same way,
and if the process is of the "quadruple effect," it will in

turn pass on to the fourth pan, each pan maintaining a bet-

ter vacuum than the preceding. In the last pan the juice

has attained the consistency of a thick syrup, when it passes

into receptacles for cooling and crystallization. A
machine which works with a centrifugal motion at the

rate of about one thousand revolutions per minute stirs

this mass. By centrifugal force the molasses is thrown

out in three or four minutes. Centrifugal force entirely

eliminates the molasses, while the grains of sugar have

been retained in a rotating basket. The pulling of a lever

puts this basket in motion, and it whirls about at a speed of

one thousand revolutions per minute. The sugar when

it comes out of this basket, after three of four minutes

whirling, is white and ready for the refining process, in

which there have also been many improvements and

inventions. The sugar is first dissolved in hot water, and

then pumped into tanks, whence it flows through a series

of cylindrical filters. A vacuum pan operation, similar in

principle to the first evaporation process, renders the com-

position absolutely dry. And after passing through

another centrifugal machine it emerges as granulated

white sugar. Machinery for the reduction of beet juice

to sugar is on nearly the same principle as that used for

the cane-sugar industry. The most popular of these

machines is that which works on the diffusion process.

By this method the beets are sliced and circulated in water

until the saccharine matter is removed. The juice so

obtained is then strained and put through a process of car-

bonic acid saturation, after which it is filtered and evapo-

rated.
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There is indeed scarcely any industry of any magni-

tude or importance whatever to which labor-saving

machinery has not been applied. In the manufacture of

brooms there have been such great improvements of meth-

ods in various departments that the number of broom-

makers of the United States has been reduced more than

one-half although the product has more than doubled in

quantity. In the manufacture of carpets recent processes

have displaced twenty times the number of persons now

necessary. By the old methods of spinning the carpet

material it required seventy-five to a hundred times the

number of operatives now employed to do the same amount

of work. By the invention of the carpet-measuring

machine, which measures and brushes the product simul-

taneously, one operator does the work formerly required

of fifteen men. Carriages and wagons have also been

affected by improved machinery. The one-time inde-

pendent wagonmaker has suffered the same eclipse as has

the shoemaker. In the instance of agricultural imple-

ments, labor-saving machinery has displaced fully 50 per

cent of the muscular effort formerly employed. Improved
'methods of brick-making have displaced 10 per cent of

labor. In the making of fire-brick 40 per cent of the labor

employed is now unnecessary. In the cutlery industry

the machine has usurped an incredible amount of labor as

it has also done in the manufacture of small arms. Where

it formerly required the continuous work of one man for

ten hours to fit one stock for a musket, by use of powerful

machinery three men can turn out and fit 150 stocks in the

same length of time. The scrubbing machine, designed

chiefly for the cleaning of colossal office buildings,

is already displacing scores of women scrubbers in every

large building in which it is placed. A bread kneading
machine recently put into operation in San Francisco is
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doing the work formerly done by a hundred men. The

painting machine used to whitewash the buildings at the

World's Fair was operated by two men, who by its aid, did

as much work as 200 men working by hand. The mimeo-

graph, the patent letter-press, and a host of other office

conveniences have dispensed with an immense amount of

clerical help in the business world.

The remarkable machinery that has been invented for

all manner of work is not more wonderful than the machin-

ery, or machine tools which make the building of such

mechanisms possible. The forming of a hole for a screw, a

bolt or a rivet is apparently a very simple operation, but to

do this work accurately and rapidly has engaged the atten-

tion of the most ingenious minds of the day, and as a result

there are drilling machines, boring machines, punching
machines and riveting machines innumerable. As a

labor-saving mechanism nothing can be more efficient than

the multiple drills that have made their appearance only in

recent years. Among these are the two- and three-spindle

drills which make the holes by which railroad ties are con-

nected. There are the four-, six-, and eight-spindle drill-

ing machines for boring holes in rows at spaced distances.

A universal drilling machine, built by William Sellers &

Company, drills a hole in any direction. A radial drilling

machine, built by the same firm, will make a hole anywhere
in any direction within a radius of eighty-three inches.

Boring machines, of both horizontal and vertical form,

have done much towards the production of cheap machin-

ery. Punching machines, capable of exerting a punch-

ing force of half a million pounds, multiple punching

machines, capable of making six holes at once, and punch-

ing machines combined with machinery for shearing, are

some of the colossal examples of recently invented machin-

ery. Shearing machines designed for trimming the edges
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of iron plates can cut off an edge sixty inches long and an

inch thick. Riveting machines, of a strength and capacity

sufficient to fasten a rivet in the center of a plate thirty-two

feet square, are a leading factor in the making of boilers.

There is also the wheel-press, which exerts a pressure of

thirty tons when employed to put a car wheel on its axle.

There are planing machines to reduce a level surface by

shaving in parallel lines. Rotary planers, having all the

way from twenty-five to seventy-five tools affixed on a

wheel, are much used in bridge-building. The mortising

of door frames is done by means of the slotting machine,

which is invaluable as a labor saver. For finishing and

shaping the parts of machinery there is employed what is

called a milling machine, which operates by means of rotat-

ing cutters. Stamping presses, used to shape parts of

metal, are almost indispensable in all branches of machin-

ery making; a special machine of this kind is that used in

the Philadelphia mint. This exerts a pressure of two mil-

lion pounds. Machines for the bending and straightening

of plates, for forging, and for grinding drills are other

mechanical triumphs in this category.

There are few branches of mechanical construction

which do not employ their own peculiar lathe, but they are

all constructed on the same principle that of a frame hav

ing a pointed center at each end. One of these is called

the live center, because it has a rotary motion, the other is

the dead center, it having no motion. The work to be

turned is hung between these centers. The mandrel of

the live center is propelled by pulleys, and the cutting tool

is mounted on a carriage in such manner that the operator

can guide it back and forth over the surface of the material,

cutting it in almost any circular or conic form. The great-

est achievement in the way of such a tool is the Blanchard

lathe, so-called from its inventor, and which is so perfect
Vox.. 10 8
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in its mechanism as to be able to cut material into almost

any desired shape. Strange as it may seem, by its use

articles in shape so unlike in geometrical forms, as gun-

barrels, shoemakers' lasts, etc., can be turned on a lathe. It

is as simple a contrivance as it is wonderful. In an ordi-

nary lathe the work revolves rapidly and the cutting tool

is stationary or only shifts its position slowly to accommo-

date fresh portions of the work, while in the Blanchard

lathe the work is made slowly to rotate and the cutting

tools revolve with great rapidity. The pattern and work

being fixed in similar and parallel positions they always
continue so at every revolution. The whole arrangement
is self-acting so that when once the pattern and the rough
block of wood are placed in position the machine completes

the work and reproduces an exact duplicate of the shape of

the pattern.



LIGHT AND HEAT INCLUDING PHOTOG-
RAPHY

The Nineteenth Century has witnessed a marvelous

revolution in methods of producing and utilizing light

and heat. The rude processes in vogue at the end of the

last Century were almost exactly the same as had been

in use for the preceding two or three thousand years,

and they were at that but slight improvement on the

customs of savage and barbarous nations.

The history of fire as a light giver is both picturesque

and interesting. It is thought to have been first utilized

in volcanic districts, where sticks of wood can sometimes

be ignited by thrusting them into subterranean cavities.

The theory has also been advanced that primitive man
came into its possession through the agency of the elec-

tric storm, when trees might have been set on fire by

lightning strokes. Or, as it is known that trees are some-

times fired by friction of dry branches, it is not impos-
sible that prehistoric man became acquainted with the fierce

element in that way. But by whatever means he did become

familiar with fire and it may have been any or all of these

phenomena the astute savage recognized its useful-

ness and the necessity for its preservation, and, at a pre-

sumably later age, discovered that he could produce it

himself by friction.

This primitive custom, descending to civilized peo-

ples, in time evolved into the more convenient flint and

steel process, which probably did not originate until after

iron was made. Thus the method of fire-getting by the

rubbing of one substance on another continued in use
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from the days of prehistoric man, through all the ages
of barbarism and civilization until early in the present

Century, with practically no improvement in all that

period.

And then a great discovery was made. In April, 1827,

John Walker, a chemist and druggist of Stockton-on-

Tees, invented a fire-getting implement which consisted

of a splint of wood tipped with a solution of chlorate of

potash, sulphur, starch and gum, which ignited by fric-

tion on sandpaper or glass, and to which he gave the

name of congreve, in honor of Sir William Congreve,
inventor of the rocket. Thus the English druggist solved

the problem that had baffled the ingenuity of science for

more than one hundred and fifty years. The alchemists

of the Seventeenth Century had not been unacquainted

with the properties of phosphorus, which was discovered

by Brand in 1673. He and his contemporaries experi-

mented with the new fire-producing chemical in the hope
of substituting it for the old fiint and steel sorcery, one

of their processes being to rub a bit of it between two

sections of coarse paper and allowing the spark of fire

to fall upon a "spunk." But the method was inconveni-

ent and impracticable, and, as the use of phosphorus
entailed considerable danger, it soon fell into disuse, and

the old-fashioned Hint and steel process was resumed.

Another chemical discovery at the beginning of the pres-

ent Century gave further impetus to such an invention

and ultimately led to the match as we know it to-day.

The chemist Berthollet accident!} discovered what he

termed the "principle of the oxidation of combustible

bodies by chlorates in the presence of strong acids."

Chancel, in 1805. made practical application of Berthol-

let's discovery and produced his so-called "oxymariatc"
matches. These cun.-^k'd of j-trins of wood dii/uyl in
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a mixture of chlorate of potash, sugar and gum, and

were ignited by contact with sulphuric acid. As early

as 1780 there had been in use an ''electro-pneumatic lire

producer," in which a jet of hydrogen was lighted by an

electric spark. The Dobereiner ''platinum lamp'' came

into existence in 1823. In this hydrogen gas was ignited

by contact with spongy platinum. During the use of the

platinum lamp there had also appeared in parts of Prus-

sia a device consisting of a small glass tube, containing

equal parts of phosphorus and sulphur carefully mixed

together. Splints of wood were thrust into this, and

the friction caused ignition.

John Walker's invention, modeled after the idea ad-

vanced by Berthollet, was, however, the real precursor

of our present day match, and even that had to be greatly

improved upon before it was rendered practical or satis-

factory. The Walker match contained no phosphorus,
the absence of which was responsible for its not being a

success commercially. In 1833 wooden friction matches

containing phosphorus were manufactured in Vienna,

Darmstadt and other European cities, and the use of

the new implement spread rapidly. On October 24, 1836,

A. D. Phillips, of Springfield, Mass., took out the first

patent in the United States for a phosphorus match, the

igniting composition being a mixture of sulphur. By this

time the people commenced to gain sufficient confidence

in the innovation to throw away their ill-smelling and

clumsy old tinder boxes, and matches came into use all

ever ihe civilized world. A warm discussion on the dan-

gers attendant on the use of phosphorus in match making
took place between the years 1840 and 1865. It was

claimed that the matches in use were not only dangerous

by reason of their being rankly poisonous and highly

inflammable, but the workmen employed in their manu-
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facture were subject to a peculiar disease of the jawbone,
which was loathsome and eventually fatal. This outcry,

which was raised all over Europe and America, gave inven-

tors an incentive to discover processes and compositions

that would reduce this danger to a minimum, if not

wholly remove it. Lundstrom, of Jonkoping, Sweden,

invented the first safety match in 1855. His process con-

sisted in putting the oxiding mixture on the splint and

what is known as red phosphorus (a safe form of that

chemical) on the box. The new match was a great im-

provement on the original, and led to the discovery of

other non-dangerous igniting mixtures. The use of the

safety match was enforced by law in various countries

of Europe, and to this day the use of Swedish safety

matches only is allowed in Denmark and Switzerland.

In late years, however, by the enforcement of regulations

regarding ventilation, cleanliness, and the impregnation
of the air of the factory with turpentine fumes, match-

making has been relieved of almost every element of

danger to its workers, and the match itself is quite as

harmless as its cumbrous predecessor.

Rivaling in importance the improvement in the proc-

ess of fire-producing, are the advances that have been

made in the methods for its utilization for illuminating

purposes. From a tallow candle to an arc light is a far

cry, and yet less than a Century ago even the common
oil lamp as we know it to-day was unheard of. The
nearest approach to the modern kerosene lamp was a

rudely constructed vessel filled with melted animal oil

and enclosed in a glass case, and which was really the

original prototype of our modern lantern. What was called

a lamp consisted of a small earthenware cup and con-

tained melted animal fat or vegetable oil into which a

wick was introduced. The wealth and nobility of the
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world had no better means of illumination than had the

simplest laborer. The gold and silver vessels in the palace

were the exact counterparts of the crude clay lamps in

the peasant's cottage. For out-of-door lights torches

were used almost exclusively in the cities, and their mode
of preparation differed very little from that employed
in the middle ages. They were made of the twigs of

resinous woods tied together in a bundle and mounted

on a tall sapling or post. For all practical purposes the

tallow candle and the more elegant wax taper stood para-

mount at the beginning of the present Century. It is

almost impossible to realize that we have been using lamp

chimneys not quite one hundred years, and that the

Argand burner, although invented late in the last Cen-

tury, was not sufficiently improved and cheapened to

come into general use until 1830. While not so glorious
as the discovery of electric light and of coal gas, the

invention of the Argand burner and the subsequent

application of the glass chimney as a means of supplying
a regular current of air to the flame, marked a distinct

epoch in civilization.

So perfect has the common oil lamp now become that

with the use of the cheap mineral oils, its light in many
instances rivals that of the gas jet or the incandescent

lamp. And yet these very mineral oils, almost as plenti-

ful as water to the present generation, were practically

unknown to the people of the last Century.

Next in importance to the improvement of the oil

lamp as a means of illumination was the discovery and

introduction of coal-gas, which belongs almost exclu-

sively to the category of Nineteenth Century achieve-

ments. Although his first experiment took place in 1792,

it was not until 1802, on the occasion of the celebration of

the Peace of Amiens, that Murdock, a Redmuth engineer,
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made a public display of his process of utilizing the

gaseous products of coal for illumination. Though Mur-

dock \vas the first to put gas to a practical use, he was not

its original discoverer. So far as can be learned, that

distinction belongs to a Dr. Clayton, who, about a hun-

dred years before, had conceived the idea of heating coal

in such a manner as to force out and retain its gaseous
constituents. He left an interesting description of his

experiment, which he evidently considered more in the

nature of a huge joke than anything else. He tells us

how he first obtained steam, then black oil, and at last

a "spirit" spirit being the name used by our forefathers

in the discription of any gaseous substance. Dr. Clayton,

according to his chroniclers, utilized his discovery as a

means of entertainment for a select coterie of friends,

to whom the sudden ignition of the "spirit" when touched

with light, caused immense amusement.

And so it remained until Murdock's time a chemical

wonder a mysterious and evil-smelling "spirit." In

1807 a few gas lamps were placed in the streets of Lon-

don, but not until 1813 did its use become at all general.

In that year Westminster Bridge was illuminated with it,

and then it came rapidly into use, not only for lighting

private houses but for dwellings and public buildings.

Like all innovations, it met with fierce opposition in

every direction. Even so great and good a philosopher

as Sir Humphrey Davy was exceedingly derisive in his

expression of opinion regarding the new illuminant. At

first he went to the length of declaring that it was abso-

lutely impossible to light London with gas little dream-

ing that he was at that very time perfecting a system of

lighting infinitely more dangerous to time-honored

fallacies than was the objectionable and new-fangled gas.

America welcomed the innovation in much the same spirit
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as did Humphrey Davy. Philadelphia fought for more
than twenty years against its introduction as a means

for lighting the city. Peale, in his museum in the State

House, had as early as 1816 or 1817 produced a fine

illumination through the use of gas obtained from a pri-

vate plant belonging to a man on Lombard Street, whose

dwelling was probably the first in America to be lighted

with gas. Peale was immediately enjoined from con-

tinuing his luminous exhibition, as it was declared to be

a menace not only to the historic old State House, but

to the entire city as well. It seemed almost impossible

to overcome the general prejudice which resisted every

attempt to establish a first-class plant in Philadelphia;

this was also true of cities all over the country.

The United States Gazette declared it a folly and a

nuisance, and insisted that common lamps would "take

the shine off all the gas lights that ever exhaled their

intolerable stench." All manner of objections were

brought against the obnoxious fluid. The newspapers
dwelt emphatically on the dire warning that the intro-

duction of gas would result in terrific carnage and destruc-

tion, and that the refuse of the works would kill the fish

in adjacent streams. Even from the University of

Pennslyvania came the voice of Professor Hare, pro-

testing that even if gas were the good thing which its

supporters declared it to be, tallow candles and common
oil lamps were good enough for him. On March 23,

1833, a formal petition of remonstrance, signed by twelve

hundred of the wealthiest citizens of Philadelphia, was

carried to the State House. The contention waxed so

hot that a special commissioner in the person of Samuel

V. Merrick was sent by the council to London and Paris

for the purpose of investigating- the lighting facilities of

those cities. Upon favorable reports from the commis-
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sioner, the Council, with much misgiving, reluctantly

granted the long-fought-for ordinance. After the vic-

tory in Philadelphia, the use of gas spread rapidly all

over the country, with the result that now every great
coal region has its corresponding area of coke ovens,

or gas retorts. These retorts are huge cast-iron vessels,

covered with brick masonry, beneath which a large fur-

nace burns continuously. The various volatile con-

stituents of the coal are distilled in such manner as to

allow the gas to escape into a reservoir, where it is puri-

fied and made fit for use.

The discovery of oil pools of fabulous contents in

America not only had a great influence in bringing about

better illumination for the great middle class, but it intro-

duced a new kind of fuel, which, for a time, appeared to

be inexhaustible. The same territory which produces

pretroleum also abounds in greater or less deposits of

natural gas, which for a number of years now has served

the purpose of fuel to a large part of the population of

the United States.

But the use of gas for heating purposes is not

restricted to the radius of territory fortunate enough to

produce the natural element. The manufactured product

is fast taking the place of coal all over the country, for

cooking purposes at least. It has been proved to be the

best and often the most economical cooking power in

existence, as there is no waste to it as with coal. With

the development of improved and inexpensive processes

for the manufacture of gas, who shall say that the day

may not come when the coal fire will have entirely dis-

appeared? Who knows but that a few generations

hence the use of the begriming mineral as a fuel in its

natural state will be as archaic as would be to us the

use of the flint and steel?
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The story of the discovery of acetylene gas might be

called one of the romances of science. The new illumi-

nant had been known to chemists for years, but the dif-

ficulty of its manufacture prevented them from using it.

In 1895 T. L. Wilson, of North Carolina, while superin-

tending the production of aluminum by the electric

smelting process, noticed a by-product of the operation,

the nature and character of which was unknown to him.

Upon throwing the substance into a bucket of water a

gas was given off, whose chief characteristic seemed to

be its penetrating and disagreeable odor. On applying
a light Mr. Wilson discovered that the gas burned freely

with a luminous flame. A repetition of the experiment

proved the unknown substance to be calcic carbide. It

was found that a pound of this calcic carbide would yield

5.3 cubic feet of acetylene gas, and a company was formed

to manufacture the gas on a large scale. From an economic

point of view this gas is of great value, for it can be

generated in a house as needed, by a very simple

apparatus. Perhaps the most remarkable quality of the

gas is the fact that it can be liquified by pressure and put
in cans that can be tapped when the gas is needed. A
very simple device has been arranged by which the pres-

sure of the gas can be regulated while changing from its

liquified condition, and then pass into the various pipes.

Acetylene is a most powerful illuminant. It is dazzling

in the brightness and steadfastness of its flame, and for

this reason is much used in the illumination of bicycles

and carriages. It has been conjectured that it may in

time supplant coal gas in the illumination of streets,

thereby doing away with gas piping, for it is said that

lamps can be made in such manner as to generate the

gas on the spot. It has been proved that the acetylene

can be manufactured at one-third the present cost of coal
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gas, and in view of this fact it is entirely possible that

if the discovery proves as practical as claimed, it will

revolutionize the manufacture of gas.

We have already observed Sir Humphrey Davy's
attitude in regard to the projected illumination of Lon-

don by gas-light, and in consideration of the discourage-

ment which he lent that scheme there is a prophetic

significance in the fact that in the very first year of the

Century he should himself have made an experiment that

resulted in the discovery of the electric light as we know
it to-day. The electric spark had been familiar to the

earlier experimenters with electricity, but not much more

familiar than it had been to the ancient philosophers.

But it remained for the magic of the Cornish philosopher

to seize the evanescent spark and make it burn into a

brilliant glow by passing it between two points of carbon.

The instrument used by Davy in this memorable experi-

ment was a voltaic battery of 2,000 elements. On separat-

ing the two carbon points a very small distance, he saw

that the gap was bridged by a slightly convex flame which

remained until the distance reached a certain limit, at

which limit the arc disappeared and the points quickly be-

came cold. The carbons when slowly brought toward one

another did not display any activity or calorific phenome-

non, but as soon as they were brought in contact

the points became hot, and as soon as separated the

arched flame burst forth again. Davy gave this convex

flame the name of voltaic arc, and it has been so known
ever since. The voltaic arc, however, is not a true flame,

there being little combustion ; it is rather a nebulous

blaze resultant from the incandescence of a jet of par-

ticles detached from the electrodes and projected in ail

directions. The positive carbon has a much higher tem-

perature than the negative, which is scarcely a dark red
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when the positive carbon at the same distance from the

arc is a reddish white over a considerable length. The

consumption of the positive electrode for a given time is

twice that of the negative. The action of the arc upon the

electrodes may be described as that of a trembling blue

flame of ovoidal form, into which brilliant particles leap

from one carbon to the other, producing a luminous red

flame. When the voltaic arc is produced in the air the

electrodes diminish rapidly, as both of them burn, but

in a vacuum this combustion does not take place. The

positive carbon becomes hollow and diminishes in weight
and the negative elongates and increases in volume.

When the wasting of the carbons widens the arc too

much, the current is broken and the light disappears,

and to obviate this the modern arc-lamp has an auto-

matic mechanism, the function of which is to feed the

carbons forward to the arc as they are gradually con-

sumed and thus maintain the splendor of the illumination.

Arc-lamps constructed on the principle discovered by

Davy constitute the most luminous artificial light of the

present time. Many ingenious lamps have been invented,

all embodying the one original idea. Those devised by

Serrin, Siemens, Brockie and Duboscq are probably the

best known. Some of them regulate the arc by clock-

work and electro-magnetism, and others by thermal effects

of the electric current. They are used principally for

out-of-door illumination, for large areas, streets, railway

stations and lighthouses. In the latter instance the arc

is placed exactly in the focus of the condensing lenses

of a parabolic mirror, which projects the rays all in any
one direction, the beam being visible for thirty miles on

dear nights. Specially constructed arc-lights, equivalent

to hundreds of thousands of candles, can cast a beam of

light a distance of one hundred and fifty miles.
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Davy's discovery that a continuous wire or stock of

carbon would become white-hot by subjecting it to a

current of sufficient strength forms the basis of the mod-
ern incandescent electric light. Vacuum incandescent

lamps are the only ones which have come into general
use. Systems based on the incandescence of carbon or

platinum in the open air have been tested, but as yet have

not come into practical use. In 1841 De Moleyns pat-

ented in England an apparatus for the production of light

by the incandescence of platinum wire in a closed glass

globe, but the scheme was a failure. In 1845 Starr of Cin-

cinnati invented an incandescent carbon lamp on the same

principle, and with the same result. Experiments were

also made by De Changy, Lodyguine, Kohn and Swan,

with little more success. In 1880 Edison constructed an

incandescent lamp that was really satisfactory and of com-

mercial value, and although twenty years have not elapsed

since its invention it has reached a state of apparent per-

fection. The Edison lamp consists of a carbon filament

fixed to two platinum wires, a glass bulb in which a

vacuum has been formed, and a threaded base inserted in

the neck of the bulb and intended to hold the lamp in its

socket.

The filament used is a vegetable fiber, to which defi-

nite form is given according to its nature, either by
means of a die or between cylinders, or by cutting it out

while in a plastic mass. The fiber thus obtained is subjected

to heating by incandescence until it becomes a dense and

resilient carbon. Platinum is used because its proper-

ties of expansion and contraction are about the same as

those of the glass bulb. The vacuum in the bulb is induced

by a mercurial air pump. One end of the filament being

inserted in the bulb, the other is connected with the metal

screw terrule at the base of the socket, and when screwed
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into the socket there is an automatic connection between

the sensitive filament on one end of the screw and the

insulated plate at the bottom of the socket. Such is the

principle upon which all incandescent lamps are con-

structed, the only variations being in methods of prepar-

ing the filament and of clamping the wires.

From a sanitary and aesthetic standpoint the electric

lamp is perfect. Properly shaded it will shed a light that

equals the moon-beam for softness; or it can be made
to rival the sun in brilliancy. It is pure and healthful,

as there is no pollution of the air from combustion. It

is not inflammable, and for this reason there is absolute

safety from conflagration. It illuminates the street, the

home, the office and workshop. It lights our railroad

trains, steamships, street cars, carriages and even

bicycles. It lights the miner at his toil far down in the

bowels of the earth, and it accompanies the diver to

the bottom of the ocean. It penetrates the darkness of the

seas, throwing a shaft of light many miles in advance,

and in war time it turns a powerful searchlight on the

operations of the enemy. In the large cities of the coun-

try night may be turned into day for all practical pur-

poses. Electric lights are hung high in the air on towers

placed at convenient intervals, illuminating immense

areas and leaving comparatively few dark spots within

the limits of a great city. Indeed the magic of Aladdin's

fabled lamp was not more potent that has been the sor-

cery wrought by the Nineteenth Century wizards when

they gave the electric light as a perpetual legacy to an

incredulous and marveling world.

But illumination is not the only function of elec-

tricity. When the voltaic arc was first discovered, one

of its most marked peculiarities was the intense heat

which it emitted to the electrodes in action. The chem-
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ists, in testing this heat, found that it would melt not

only all the metals, but quartz, ruby and even diamond,
the hardest substance known. They discovered that the

temperature of the opposing carbons was comparable

only with the sun, and that they registered 5,000 to 10,-

ooo degrees Fahrenheit, the highest artificial heat known.

Sir William Siemens, about the same time that he was

constructing his arc-lamp, also invented an electric fur-

nace heated by the voltaic arc. In this furnace Siemens

was able to vaporize metallic ores of all kinds. The

application of electricity for heating purposes was until

recent years confined only to the chemical laboratory, but

since electric light has proved to be so great a suc-

cess, electric heating for all purposes bids fair to soon

become fully as important as electric illumination. The

electric arc is now applied freely in the iron and steel

industries for the welding of boiler plates, wires, rails

and indeed all kinds of metal work. It is also used with

great success in the heating of railroad trains, carriages

and dwelling houses. Cooking by electricity is coming
more and more into favor. Kitchen ranges, entirely

heated by the electric current, are used in many of the

best hotels and fine dwellings of the country. There

have also been invented a number of cooking utensils

equipped individually with batteries for the generation

of the electric current. The principle on which all such

articles are based is that of incandescence, the current-

flowing through a network of fine wires of platinum cov-

ered with fire-proof insulating cement in its bottom. The

electric radiator is constructed pretty much after the

fashion of the steam radiator, which it resembles in

appearance, the heat from a strong current being diffused

over an area of highly resisting metal. The devices for

the utilization of electric heat that have been patented in
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the past few years are unique and numerous. It is now

possible to have bed clothing heated to any degree and

a constant temperature maintained, by means of a fine

wire network enclosed between the quilts and connect-

ing with an electric current.

The stoves in use at the opening of the Century
would be unrecognizable as such at the present day, and

as for kitchen ranges, they were unknown and unheard of.

The common method of heating an apartment was by the

use of the open fireplace, which also served for cooking

purposes, except in rare cases. The Franklin stove,

invented in 1745, was a great advance over the older

forms, but it did not come into general use until the

beginning of the Nineteenth Century. It has been

described as a rectangular box of cast iron plates, open in

front with a sliding shutter, by which the whole might
be closed either entirely or partly, for safety or for

increasing the draught The hearth projected in front,

and was cast with double ledges to receive the edges of

the upright plates, and also with a number of holes, one

in the front part for admitting air to the fire from an

air flue beneath when the shutter was down
;
one behind

the first upright plate in the back for discharging the air ;

and three holes near the extreme back edge for discharg-

ing the smoke into the flue leading to the chimney. This

unsightly monstrosity embodied the principles of the

modern air-tight stove, which art and an understanding
of hygiene have since combined to make a healthful heat-

ing apparatus.

One of the most curious properties of light is its

ability to trace images under certain conditions. Like

electricity and gas, photography owes its real discovery
and virtual development to Nineteenth Century wisdom.

The story of photography virtually dates back to the year
Vol.. 10 9
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1556, when the alchemist Fabricius observed the effect

of light upon lima cornea, or horn silver; or chloride of

silver as we know it to-day. In its native state horn silver

is completely colorless, but so soon as exposed to the

light of day it assumes a violet tint. It was not until 1/27,

however, when a German physician, Johan Heinrich

Schultze, of Halle, attempted the taking of copies of some

written characters on translucent paper, with very little

success. In 1777 Charles William Scheele, a Swede,

experimented with the discovery of Fabricius. He dis-

covered that the rays of light are of varied chemical

activity. A few years later Senebier made the very

important discover}
7 that violet rays of the spectrum

analysis blackened chloride of silver as much in fifteen

seconds as red rays did in twenty minutes. In 1801 Ritter

of Jena added still further results to these discoveries.

Wollaston, the celebrated English chemist, discovered

that gum guaiacum, when exposed to blue rays, changed
in color, and that those altered portions regained their

original tint when exposed to red rays. The French

claim that the first photograph was taken by Professor

Charles during the course of a lecture delivered by him

at the Louvre in 1780, the so-called photograph being a

silhouette of one of his pupils. There is, however, no

authentic report of the Charles experiment.
From the early history of photography it would

appear that it was the amusement of all the great phil-

osophers. We find Sir Humphrey Davy dabbling with

the science such time as he was not employed in the

development of his voltaic arc. In company with Thomas

Wedgewood, son of the famous potter, Davy made a

number of experiments, the results of which were set

forth by him in the Journal of the Royal Institute in

1802. One of the most important of the experiments
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made by them was what they called sun-drawing, which

consisted in placing a solar microscope in the aperture

of a camera obscura for the purpose of imprinting on

sensitized paper the image produced on the screen.

Wedgewood and Davy met with no success in any of

these sun-drawing experiments, and it remained for M.

Niepce, a French scientist, to continue them with so much
success that he is justly entitled to the honor of making
the most suggestive developments in connection with the

discovery of photography. From 1801 until the end of

his life, Niepce devoted himself to his idea of heliog-

raphy (from helios, the sun). The difficulty encountered

by Wedgewood and Davy was obviated by Niepce's dis-

covery that asphalt will become soluble in certain oils.

Mixing the asphalt with oil of lavender, he poured the

solution over a metal plate, allowing it to dry and form

a film. When placed where the image of the camera

obscura fell upon it, the result was that the asphalt

remained soluble where the shadows had fallen, but

became insoluble where the light had struck the film. By
several hours exposure in the camera, and a subsequent

application of essential oils, Niepce secured a helio-

graph traced upon the metal plate in lines of asphalt.

The name that is most familiar, however, in the his-

tory of early photography is that of Louis Jacques

Daguerre, to whom for many years was accorded the

chief honor of the invention of photography. Daguerre
was a painter of opera scenes and the producer of pano-

ramic views, the pictorial effects of which he heightened

by an ingenious use of reflected and transmitted light.

He became acquainted with the camera obscura in his

endeavors to obtain his first sketches from nature. In

1839 his famous spectacular exhibition, Diorama, which

was the wonder of Paris, was destroyed by fire, and then
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the artist devoted himself to the process of photography,
which afterwards made him famous. Some years before

this accident Daguerre had become a collaborator with

Niepce, and until the latter's death, in 1833, they worked

together on the heliograph process. The discovery of

the daguerreotype was purely accidental. Several plates

that had been under-exposed were placed in a dark room
in which were various chemicals. The plates were

thought to be useless, as no images had appeared. Some
time afterwards, in searching for something else,

Daguerre discovered the discarded plates, and, to his

amazement, there was a picture on each one of them. He
accounted for the phenomenon only by the fact that the

plates must have been exposed to the action of some

chemical lying in proximity to the plates. Removing the

chemicals one by one, he discovered that the secret of

the art was concealed in a vessel of mercury, which

evaporates at an ordinary temperature. This incident

occurred some years subsequent to Niepce's death, and

according to the terms of the agreement he made with

Daguerre, his name would also have been attached to the

discovery, had it not been that after Niepce's death his

son relinquished this right for material considerations.

Thus far photography had only been employed upon
metal. Henry Fox-Talbot, after years of faithful experi-

ment, solved the problem of "fixing" a photograph on

sensitized paper. In the year 1850, the collodion-film on

glass was perfected and came into use as a sensitizing

material. This method produced as beautiful a likeness

as the daguerreotype itself and at much less cost. Shortly

afterward positives were printed from the transparent

negatives on properly prepared paper, and thus the

process now in use was initiated. There have been end-

less modifications and improvements upon the original



LIGHT AND HEAT 133

method, mainly to the end of increasing the sensitive-

ness of the plates so that quickly moving objects could be

photographed with lifelike accuracy.

It has long been the dream of photographers to dis-

cover some method by which they could produce photo-

graphs in all the colors of nature. Thus far the process

has not been perfected, but the developments of the past

few years are extremely encouraging. Soon after he had

heard of photography, in 1837, Sir John Herschel was

led to experiment with the spectrum in the hope of fixing

the natural colors of the image. Herschel succeeded only

partially, but it was enough to incite the ambition of

every photographer and scientist from that time down to

the present. Edmund Becquerel, Niepce de St. Victor,

Poitevin, St. Florent and Captain Abney ably followed up
the research started by Herschel. The method adopted by
these early investigators consisted in exposing the prop-

erly prepared plate to the light of the spectrum until the

different colors were impressed on the negative. But

the trouble was that as soon as exposed to the light the

colors faded, there being no chemical to fix them perma-

nently. In 1891 Professor Gabriel Lippmann, of Paris,

introduced a new process, which was a distinct advance

toward the solution of the problem of color photography.
The method employed by him is on the principle of

"interference" instead of chemical action, and is exempli-
fied in the colors of soap bubbles, mother-of-pearl and

other iridescent objects. Professor Lippmann explains

it as follows : "The film in which the photograph is taken

may be made of any substance, provided it is transparent
and grainless. Exposure takes place in contact with a

metallic mirror. The effect of the latter, which is formed

by running a layer of mercury in behind the film, is to

reflect back the incident colored rays, and thus make the
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incident waves stationary. The stationary vibrations,

falling in the interior of the sensitive film, impress their

own structure upon it, and by virtue of the structure thus

imparted, the brown deposit of silver, when viewed by
reflected white light, appears imbued with the same col-

ors as are possessed in the image in the camera."

Professor Lippmann declares that the colors pro-
duced in this way will be perfectly true if exposure and

development are right. Development and fixing are

effected in the ordinary manner, and the only drawback

to the practicability of the process is that it has thus far

resisted all attempts to reproduce prints from the

negative.

It would be difficult to name a branch of industry or

science which has not been benefited by photography.
The applications to which it has been put are quite as

marvelous as the art itself. Late in the year 1895 a great

sensation was caused throughout the civilized world by
the announcement that a German scientist, Professor

Roentgen, of Wiirzburg, had succeeded in photographing
the bones of the hand through its covering of flesh by
the agency of rays proceeding from a spherical glass tube.

The instrument by which the New Photography was first

observed is known to scientists as the Crookes' tube, so

called from the fact of its first experiment in England

being made by Professor Crookes. Some twenty years

before Roentgen made his discovery, two German physi-

cians, Hittorf and Goldstein, made some interesting

experiments with these tubes, which may be described as

glass cylinders from which the air has been exhausted.

In each end of the tube is placed a disk, one of which

conveys an electric current to the interior of the tube,

and the other carries it away, making the return wire to a

battery. The generation of light takes place when the
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proper fluorescence is obtained within the tube, and it is

caused by the action of the electric fluid in disturbing the

molecules of rarified air. In the experiments made by
Hittorf and Goldstein it was observed that the light

visible to the eye, passing from one electrode to the other,

was due to the imperfection of the vacuum, and that the

greater the vacuum became the weaker the light was until

it disappeared entirely when a perfect vacuum was ren-

dered. It was further noticed that with the disappearance
of the light the tube became fluorescent, which indicated

that the fluorescence was caused by the oscillating dis-

charges of invisible rays, and that the cathode was the

point of origin.

About a year prior to the Roentgen discovery Lenard,

of Bonn, published a report of certain discoveries he had

made in "shadowgraphs," as he called them. He proved
that it was possible to obtain shadows of objects through

practically opaque substances, and to make impressions of

these shadows on photographic plates. For some unex-

plainable reason, however, Lenard's paper attracted very
little attention, and was almost forgotten when Roentgen's

discovery was announced.

The light generated within the tube is intensely

luminous, but it is luminous in an entirely different way
from ordinary light. It has the peculiar properties of

rendering translucent objects which to us are opaque,
and vice versa. Slate, wood, leather and carbon are much
more transparent to the X-rays than glass, some varieties

of which are entirely opaque to their light. Paper abso-

lutely opaque to the fiercest ordinary light, is so trans-

parent when subjected to X-rays that the light will pass

through a book of a thousand pages. Flesh and skin

are transparent, while bone is opaque; hence the value

of the discovery in surgery.
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Numerous theories and suppositions have been

extended regarding what the X-rays may in reality be,

and to account for their phenomena. Some scientists

hold that they are ultra-violet rays of light with vibra-

tions a million times greater than ordinary light ;
another

is that they may be the missing longitudinal waves in the

ether. If the latter supposition ever leads to anything

tangible it will open up an entirely new department of

physics, and may lead to discoveries of which we do not

now dare dream.

Scarcely less of a surprise than the X-rays to the world

was the development of photography in the form of the

Cinematograph, the Kinetoscope, the Theatrograph, etc..

etc., all of which might be properly termed "animated

photography." The first patentee of this interesting-

application of the photographers' art was W. Frie.se-

Greene, who invented a camera in 1889 for the rapid

taking of consecutive photographic views; combined

with the camera was an optical lantern which threw the

images of the camera upon a screen, and by means of a

handle the successive pictures wrere moved so rapidly as

to give the appearance of life. The idea was not exactly

new. It had been experimented with before by both

Marey and Muybridge, and w7as known as the zootrope
or the wheel-of-life. But Friese-Greene was the first to

construct a machine for popular purposes. About the

same time that Friese-Greene was taking out his patent

Edison came forth with his Kinetoscope, constructed on

the same principle. The Kinetoscope was soon followed

by the Cinematograph and various other inventions, all

embodying the same idea, and designed for the same pur-

pose that of amusement. These apparati have since

become so perfected that they can present a moving scene

with almost lifelike fidelity.
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The application of photography to the printing indus-

try has been of incalculable value to civilization, in that

it has had a tendency to materially decrease the price of

books and engravings. These applications have been

many, but the chief one is the process of photo-block

printing, invented by Walter B. Woodbury in 1866,

which he followed up a few years later with the stanno-

type. By these inventions photo-engraving hns become

one of the fine arts. The system of letter press printing,

by which an author's own manuscript may be printed

from in his own chirography, is another application of the

art of photography which is as marvelous as the Kineto-

scope or the X-rays. This process is the invention of

Mr. Friese-Greene, and was suggested to him while experi-

menting with another invention.
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Though the opinions of scientists vary in their estimate

as to which is the greatest achievement of the Century,

electricity is the foremost in the popular estimation. The
reader of this book cannot but be impressed with the fact

that electricity enters into all of the achievements of the

Century. There is scarcely a branch of science and indus-

try that is able to struggle along without its aid.

Yet though the Nineteenth Century has changed elec-

tricity from a philosopher's toy to man's most useful serv-

ant and this change dates from the time of Volta's pile

in 1800 still electricity is one of the oldest things of

which we know. Electricity, like fire, was probably the

discovery of primitive man. Humboldt tells us that the

Indians of the Orinoco generate the electric current by

rubbing certain beans together until they acquire the prop'

erties of a magnet. Thales of Miletus, who lived six hun

dred years before Christ and was the father of Greek phil-

osophy believed that there was a soul in amber, which

rubbed acted as a magnet. Thus we get our word "elec-

tric" from the Greek word "elektron," meaning amber. It

was not until the Sixteenth Century that the name was

given by Dr. Gilbert, who made the discovery that amber

is not the only substance that gives forth electricity when

rubbed and that all substances may be attracted. Otto von

Gueriche, burgomaster of Magdeburg, found out that he

could excite a considerable quantity of electricity by turn-

ing a ball of sulphur between the bare hands and Sir Isaac

Newton, by a slight improvement on this method, was able

to create sparks several inches long. These were the most

138
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important discoveries in the field of electricity until the

day of Franklin, when the American philosopher first put

electricity to practical use in 1748 at a picnic by killing a

turkey with the electric spark and roasting it by an electric

jack before a fire kindled by means of a Leyden jar. But

in these instances electricity did only that which could have

been done as well and more economically by other means.

Franklin announced his theory of a single fluid, terming

vitreous electricity positive and resinous negative, in 1747,

and in June, 1752, demonstrated the identity of the electric

spark and lightning by drawing electricity from a cloud

by a kite.

Such was the state of our knowledge of electricity in

the very first year of the Century when Alexander Volta

of Pavia, made public his device known as Volta's pile,

from which have grown our present machines for the gen-

eration of electricity, though Volta's device was based

upon Galvani's discovery. Galvani, a professor of anat-

omy in the University of Bologna, wished to tempt the

appetite of his sick wife by making her some soup of frogs.

He had skinned the batrachian and hung it on a copper

hook so that, dangling, it hit an iron rail a little below.

Galvani noticed that the casual contact caused a twitching

in the dead frog's legs and in latter experiments produced
the twitching by touching the nerve of the limb with a

rod of zinc and the muscle with a rod of copper in contact

with the zinc. The professor of anatomy thought that he

had discovered the principle of life and built up on these

experiments a theory that seems absurd now. He died in

1798 without knowing the renown that his frogs would

win. Alessandra Volta, professor of physics in the Uni-

versity of Pavia, heard the story of the frogs and after

investigation and experiment proved that the electricity

was not in the animal, but was generated by the contact of
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the two dissimilar metals and the moisture of the flesh.

His pile, given to the world in 1800, is the prototype of the

modern battery. He arranged a series of bits of copper

and zinc alternately, one above the other, but each bit of

metal separated from its neighbor by a piece of cloth wet

with dilute acid. The more bits of metal there were the

stronger the current which could be produced. Since the

day of Volta the voltaic cell and galvanic battery have been

greatly improved, yet they remain essentially the same in

principle and therefore science gives to Volta the credit of

having made the greatest force in nature serviceable to

man. The electrician has been taught his business by the

voltaic cell, even if the voltaic cell has been largely sup-

planted by other devices.

The next great step in the practical development of

electricity was due to the discovery of H. C. Oersted, of

Copenhagen, in 1819, of the action of the electric current

on a magnetic needle and the relation between electricity

and magnetism. Oersted found that if a magnet be

moved near a piece of metal, preferably a coil of copper

wire, a current of electricity is produced in the coil. Every

electro-magnet illustrates this discovery of Oersted's.

Until you bring it very near or make it touch a steel mag-
net it is simply a piece of soft iron; then, for an instant,

as the core becomes magnetic you excite electricity in the

wire surrounding the electro-magnet. You pay for that

electric pulse in the forcible pull required to separate the

electro-magnet and the steel magnet from each other.

Replace this effort of the hand by the might of an engine

with corresponding increase in the size and improvement
in the form of the coil and your little experiment merges
into building and driving a dynamo. Thus Oersted and

his successors have made possible the dynamo.
Oersted's discovery owes much to the subsequent dis-



ELECTRICITY 141

coveries of Ampere and Faraday. Ampere exhibited the

action of the voltaic pile on the magnetic needle and that of

the terrestrial magnetism on the voltaic current. He also

arranged the conducting wire in the form of a helix or

spiral, invented a galvanometer and imitated the magnet

by a spiral galvanic wire, in 1820. Two years later Fara-

day, who was a shop-assistant to Sir Humphrey Davy,

explained electro-magnetic rotation. Working upon the

discoveries of Oersted and Ampere he announced his dis-

covery cf induction which was announced in a series of

papers read before the Royal Society of London. Fara-

day not only proved Oersted's investigation, but discovered

magneto-electricity, its converse, by producing an electric

spark by suddenly separating a coiled keeper from a perma-
nent magnet and found an electric current in a copper disk

rotated between the poles of a magnet. His brilliant

experiments proved that the current developed by induc-

tion is the same in all its qualities with that of other cur-

rents and he demonstrated Franklin's theory that all elec-

tricity is the same; that there is but one kind.

Upon induction and its laws for the explanation of the

principles of which we are indebted chiefly to Faraday,

depend the simplest as well as the most complicated of our

modern electrical appliances for a reason of action.

Briefly explained, induction is the action which electrified

bodies exert at a distance in a natural state. Faraday's
and Ampere's spiral were the forerunners of the electric

coil, which consists of two separate coils of insulated wire

wound around a soft-iron core.

To give the barest summary of the developments step

by step since that time would fill a volume, and so there

is not space to allude to them here. The development of

the telephone, telegraph and electric-light are sketched in

other chapters, while many applications of electricity fall
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most naturally under the industry to which they are ap-

plied. Here will be given some account of the develop-

ment of the electric motor and dynamo, together with the

transmission of power and novel applications of electri-

city which do not fall properly under other divisions of

this volume.

The germ of the electric motor is found in the inven-

tion of Joseph Henry, an American, who, though little

known to the public, was one of the most prolific electrical

inventors the world has seen. Many improvements were

made by him in the magnet. Exhaustive research was

made by him into the subject of the battery as a source

of energy and the efficiency of the galvanic batteries, and

in 1831 he constructed an electric motor, the first of the

kind the world had ever known. In Henry's machine the

current was actuated by a voltaic battery, but in the mid-

dle of the Century Moritz H. Jacobi, a German, found

that a dynamo-electric machine can also work as a motor

and that by coupling two dynamos in one circuit one as

a generator and the other as a motor it was possible to

transmit mechanical power by electricity. But how late a

development the dynamo really is, can best be understood

by the fact that the word is not mentioned in the latest

English edition of the Encyclopaedia Britannica the edi-

tions without the American supplement. There is some

mention, however, of the magneto-electric machine of

Gramme, made in 1870, which was the first to practically

transmit power in the fashion in which it is used in nearly

every town and civilized country today. During the past

generation electricity has come to be universally recog-

nized as the best way for the transmission of power, dis-

tributing steam, wind or water so as to bear upon any

point desired. The most familiar application of this proc-

ess is the electric light and the trolley line. Perhaps the
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first application of the electric motor, however, was about

1839, when Jacobi sailed an electric boat on the Neva with

an electro-magnetic engine of one horse-power.

It is the dynamo, however, that has made possible the

use of electricity for power. Cheapness is the factor that

has led to this result, for the chemical way of obtaining

electricity by the action of acids upon zinc was so costly

that few people dreamed thirty years ago that electricity

would ever become a rival to steam as a source of motive

power. The first use of the word "Dynamo" was made

by Siemens, who called his machine "dynamo-electric"

the word dynamo being Greek for to be able and this

expression contracted to the single word dynamo has since

been universally employed. The modifications of the

forms of and arrangements of the different dynamos that

have been invented in recent years are endless, and every

week new patents are granted for improvements to parts.

On this account we shall not trace the history of the dy-

namo in great detail, nor shall we point out the difference

between the various types. Instead, we shall briefly sketch

a type of the dynamo as it is today, which will give the

general principles of its action.

Originally the dynamo was a horseshoe magnet set

on a shaft and made to revolve in front of two cores of

soft iron wound round with wire and having their ends

opposite the legs of a magnet. Then the magnet no longer

was made to turn on a shaft, but on the lighter iron cores,

and so today the huge field magnets of a modern dynamo
are not made to turn around a stationary armature, but

the armature is whirled around within the legs of the mag-
net with great rapidity. The number of magnets was

increased, as was the number of wire-wound cores, while

the magnets were gradually made compound, laminated.

Siemens, of Berlin, in 1857, wound the iron core length-
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wise, with wire instead of round and round a spool, and

then the shaft of the armature was placed cross-wise be-

tween the legs of the magnet, as in the modern dynamo.
One of the ends of the wire used in this winding was fas-

tened to the axle of the armature and the other to a ring

insulated from the shaft, but turning with it. The cur-

rent was carried away by wires attached to two springs,

one bearing on the shaft and another on the ring. Sie-

mens also originated the mechanical idea of hollowing out

the legs of the magnet on the inside for the armature to

turn in, close to the magnet, making it almost fit.

Alternating currents resulting because of induction,

the commutator was then devised to cause the currents to

flow in the same direction. The springs known as brushes

were so arranged that their alternate action made the cur-

rent carried away always direct. A machine in which a

ring armature is used, doing away with the commutator,

was then constructed by Pacinotti, of Florence, and it is

extensively used for certain purposes.

The huge field magnet, which is really not a magnet
at all, was made possible by the improvements of Wilde,

of England, in 1866. He caused the current, after it had

been rectified by the commutator, to return again to the

coils of wire round the legs of his field magnets. This

induced in them a new supply of magnetism and intensi-

fied the current from the armature. Step by step minor

improvements followed, each inventor contributing his

part to the perfection of the magnificent machine as we

have it today. The machines are of various types and

seem capable of but little further improvement, as there

are dynamos in use to-day which give 92 per cent of a

possible 100 per cent of their engine power. The engine

which turns the dynamo, however, still wastes at least 90

per cent of the furnace heat.
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The motor is the twin of the dynamo. If a dynamo in-

stead of being driven by an engine and used to give a cur-

rent, has a current from a separate source (as from another

dynamo or from a battery) passed through it, its armature

will revolve and the dynamo become a kind of electric en-

gine capable of driving machinery. A dynamo when used

in this manner is called an electro-motor or simply a motor.

The difference between a motor and a dynamo has been

well summarized in these words : It is the work of the

dynamo to convert mechanical energy into the form of

electrical energy; the motor in turn changes this electrical

energy back again into mechanical energy.

No motor intervenes where the electric light is pro-

duced by the dynamo current. Some restriction upon the

current converts the current into heat and light. The
motor is always the intermediate machine when mechani-

cal movements are to be produced by the current from the

dynamo. The armature of the dynamo, rotated by steam

or water power, produces electrical energy in the form

of a mighty current, and this is transmitted over a wire.

This current, reaching the motor, rotates the armature.

A new day has dawned in the workshop and factory

by the introduction of the dynamo and electric motor.

Availing himself of the fact that electricity is able to trans-

mit power without any movement by the wire, the wilder-

ness of whirling wheels and belts has been removed from

the shops and a few wires have taken their place, each

entering the electric motor which drives the separate ma-

chine. The result is often an enormous saving of power
that is required when steam or water is used direct to keep
the multitude of needless pulleys and belts going. It was

found once at the Waltham watch factory that three-quar-

ters of the engine-power was absorbed by shafts and gear-

ing without a single machine's being harnessed for duty.
Voi,. 10 10



146 REMARKABLE ACHIEVEMENTS

And where one machine among many is to be set at work

by itself, especially at a distance from the engine, the loss

in the mechanical conveyance of power becomes inordi-

nate, while the loss is almost entirely avoided by elec-

trical transmission. The decrease in the wr

eight of ma-

chinery and in vibration makes it possible to build tlie

factory with thinner walls and to keep it cleaner and neater

at all times.

A great step was made in the increased utilization of

electricity when the problem of the transmission of power
over long distances was solved. Now a current can not

only be distributed through a workshop with the utmost

convenience and economy, but it can be sent to a workshop
from an engine or waterwheel many miles away. The

Niagara Falls is yoked to the wheels and lamps of Buffalo.

This in itself is typical of all the achievement of the Cen-

tury, and is the crowning glory of electrical development.

The first experiments in this direction were made by
Marcel Deprez at Creil in 1876 to 1886, and Deprez suc-

ceeded in transmitting mechanical pow
rer thirty-five miles

for industrial purposes in the latter year. Many inventors

busied themselves along these lines, and on February 3,

1892, Nikola Tesla, at the Royal Institution, exhibited

his alternate-current motor, by which currents are trans-

formed, by continually reversing the direction, into

mechanical power. By means of Tesla's apparatus the

force of 77 horse-power was transmitted from the rapids

of the Neckar to Frankfort-on-Maine, no miles, Septem-

ber, 1891.

Possibilities of the utilization of waterfalls for the

transmission of power electrically immediately attracted

attention to the world's greatest waterfall, that of Niagara.

At Niagara River and Falls, about 18,000,000 cubic feet

of water flow per minute through a descent of more thai?
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300 feet, including both falls and rapids; this represents

something like 7,000,000 horse-power. Engineers had

been aware that the enormous power which goes to waste

over the Niagara was sufficient to turn the wheels of every

factory in the United States, but there seemed to be no

possibility of its utilization. While a few paper mills and

flour mills had been established near there, the expense
of the direct application of the power was too great to

make the attempt desirable. But when dynamos had been

perfected and electricity made commercially available, at-

tention became attracted to the waste of power. Siemens,

the great German inventor, in 1877 prophesied that a

few more years would see the great water-courses like

that of Niagara utilized in part to generate electricity and

to transmit by its means electric light and power to sur-

rounding industrial stations. It seemed a wild dream

then, but before twenty years had passed it had been real-

ized, and today the power of Niagara is turning machinery
and running street cars in Buffalo, twenty-six miles away.
Power from the falls has been used to operate machinery
in New York, being thus employed at the electrical expo-
sition.

When a waterfall is to be used for power the ordinary
method is to dig a canal from a point above to a point be-

low the waterfall, this canal being called a mill-race. The
water in this canal is so directed as either to fall upon
or to flow under a wheel, and the revolution of this wheel

furnishes the motive power of the mill with whose ma-

chinery it is connected, by means of shafts and belts.

.(Esthetic reasons alone would have prevented the employ-
ment of these means at Niagara, and would merely have

resulted in building a canal which would be lined with

mills. An entirely different method was proposed by
Thomas Evershed, state engineer of New York, and his
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suggestion was adopted by the company. At a point about

a mile above the falls, 1,200 acres of land were bought, and

here a short canal was dug and an enormous pit, 140 feet

in length, 18 feet in width and 178 feet deep was exca-

vated. From the bottom of this pit a tunnel was also

made to the river tunnel level some distance below the

falls. This tunnel is 6,807 ^ee^ (over a mile and a quar-

ter) in length, and it took a thousand men more than three

years to dig it, even with the improved tunneling appli-

ances of this generation. Enough limestone ruck was

dug out of the tunnel to make some twenty acres of new
land worth $5,000 an acre along the shore of the Niagara,
and the construction of the tunnel and mainwheel pits

cost twenty-seven lives. The tunnel is shaped like a horse-

shoe, being 18 feet 10 inches wride at its broadest part

and 14 feet wide at the bottom. It is 21 feet high and

has a downward pitch varying from 4 to 7 feet in 1 ,000.

It is lined at the lower end with heavy steel plates, and

the rest of the way with from four to six rings of brick,

especially prepared to withstand the wear and tear of water

for generations to come.

This tunnel is the "tail-race/' as the millwright would

call it. The water drawn from it, falls a distance of 1 54
feet to the bottom, \vhere, by its fall, it may revolve ten

enormous horizontal or turbine wheels. These in turn may
revolve ten dynamos in the power-house above, each capa-

ble of furnishing 5,000 horse-power only three of these

turbines have as yet been built. The water having thus

given its power to the company, which has transferred it

into electricity, runs off through the tunnel and is dis-

charged into the river below.

So far as the producing of water power is con-

cerned, the only novel feature of the plan in opera-

tion at Niagara is the enormous size of the plant.
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The turbine wheels, placed at the bottom of that

mighty pit cut straight down for 200 feet into the

solid rocks, are the monarchs of their kind. The

force of the volume of water that each of the three

now in place receives is so great that it would sweep away
a considerable structure made as strong as man could build

it with stone and masonry. Yet these turbines are so

cunningly devised, and with such tough mingling of the

strongest metals, that they will receive this prodigious

blow only to turn with almost incredible swiftness upon
their axles and thus communicate the force to the dynamos

placed in position directly over them, although two hun-

dred feet above. The dynamos are fitting mates for these

mighty machines at the bottom of the pit, for they are not

only said to be the largest of their kind, but they will, with

the swiftness of the lightning's stroke, convert the force

created by the water power upon the distant turbines.

The size of these turbines and dynamos will be better

appreciated by comparison. The largest turbines ever con-

structed before these were built were of 1,100 horse-power

each, and the largest dynamo was said to be that which

generated 2,100 horse-power in the Intramural Electric

Railway's power-house at the World's Columbian Expo-
sition.

The armature of the dynamo is set so that its axis is

perpendicular instead of horizontal, and \vith its cover it

surmounts the pit like a huge cap. In front of each

dynamo, stands a governor, an interesting and compli-
cated mechanism in itself, which controls the movement

of the big cylinder. Behind the dynamos, on a raised

platform in the center of the dynamo room is the switch-

board arrangement, where the mighty current from these

great machines is received and sent out in whatever direc-

tion it may be required.
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In generating the current use is made of what is called

the Tesla polyphase alternating current system. Each

generator delivers an alternating current to each of the

two circuits. Being 180 degrees apart, each current at-

tains its maximum when the other is at zero, and 3.000
times each minute the current is reversed. Heavy insu-

lated cables convey the current thus produced to the switch-

board, where other heavy lead-covered cables carry the

current through a subway to the transforming house, a

.small structure on the other side of the canal. Wires

intended for nearby consumers enter the conduit here, but

the current for use in Buffalo is converted into one of

i i.ooo voltage for transmission and is ready for its jour-

ney.

Heavy wires of bare copper strung on poles, with por-

celain as insulators, transport the current to Buffalo.

When the current reaches Buffalo it is again passed

through transformers which lower the pressure to 3/0
volts. As the current at present is used to operate street

railways it must be changed from alternating to direct

currents. Machines, known as rotary converters, are em-

ployed for this work, and they change the 370 volts alter-

nating current to 500 volts direct current, and it is then

ready to operate the cars.

While the plant of the Niagara Falls Power Company
was completed on March 23, 1895. the power was not used

in Buffalo until November 16, 1896, when the company

began the supplying of 1,000 horse-power of electrical

energy for the running of the street railways in Buffalo;

and now the citizen of Buffalo, gazing at the great falls.

can realize the fact that it is the slave that carries him in

his journeys about the city.

In time it is expected that the power at Niagara can

be used to run machinery in New York and Chicago.
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Nikola Tesla, whose polyphase alternating current sys-

tem made possible the transmission for twenty-six miles,

is at work about the problem, and there is every possi-

bility of its success. For the "present it has been shown

that power may be transported from Niagara Falls to New
York; for in May, 1896, about one-thirtieth of a horse-

power was transmitted to the Electrical Exposition in New
York City, the current being used to operate a two-phase

alternating current motor, which operated a working
model of the Niagara Falls Power Company's plant. The

current was carried on two of the Western Union Tele-

graph Company's wires. This is the longest distance that

an electrical current has ever been transmitted. The waste

of the current makes its use on an extensive scale imprac-

tical, but the problem will be solved in the near future, in

the opinion of all electricians. And when that time comes

the whole of Niagara's great power may be utilized. What
the use of this 7,000,000 horse-power will mean is told in

a striking manner by C. F. Scott, of the Westinghouse

Company. He says:

"Suppose pumps be placed below the fall for pumping
the water up again to its former level. If a man exerts

a force of about twenty pounds per stroke and works at

a fair rate for eight hours per day, it would take about

ten times the total population of the United States to pump
the water back as fast as it is flowing over the falls. Con-

sider for a moment what that means. If 70,000,000 of

us were engaged in manual labor, all the work that we

could do could be accomplished ten times over by the power
now going to waste. All the work of laborers; all our

actual exertions in digging, hammering, lifting, climbing

stairs, running sewing machines, or riding bicycles, do

not represent the one-hundredth part of this stupendous

power."
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Long-distance transmission of power is not confined

to Niagara Falls. The water-courses of the United States

are rapidly being made use of in this manner. The state

in which are the largest number of long-distance transmis-

sion plants is California, which is especially favored by its

natural topography for the development of electricity by
water power. At Bodie, Cal., the current is transmitted

thirty miles, and at Sacramento, Cal., 3,000 horse-power
is transmitted twenty miles.

Utilization of water-power on a small scale, as well

as by taking advantage of the greater waterfalls, has made

possible a vast increase in the use of electric power.

Electricity is now being developed from water power as

cheaply as steam power can be made from coal. Some-

times it is cheaper, and wherever the cost is about the same,

the cleanliness of electricity and the absence of pulleys

make it favored. There is also the advantage that the

difference in first cost is in favor of electricity when the

power is rented. In large cities and many towns elec-

tricity is therefore coming in greater use for running ma-

chinery. It is used to a great extent for traveling cranes,

derricks and other heavy machinery. Most of the big

newspapers and other establishments, where there is no

necessity for a foundry, are gradually adopting electricity.

Another application that is quite common is to electric

elevators. It is said that in New York and Chicago as

many people travel perpendicularly as travel horizontally;

and however this may be, the elevator industry is very

large, and electricity has become the favorite method of

propelling elevators so general, in fact, that it seems

almost incredible that the very first use of electric current

for power purposes was upon a freight elevator in New
York in 1882,

The problem of the electrician now is to obtain elec-
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tricity direct from coal. While the dynamos of the best

design give forth in the form of electricity 92 per cent of

their engine's power, yet the engine which turns the dy-

namo wastes, as has been said, at best 90 per cent of the

furnace heat, and does little better when steam is used

without the intervention of the dynamo. Although great

increase has been made in the obtaining of larger energy
from steam-engines, it seems possible that but little fur-

ther progress can be made in this direction, and electricians

look to electricity as the method by means of which all,

or the greater part, of the energy stored in coal may be

conserved. The problem is being attacked from two sides

one the thermo-electric on the principle of the thermo-

electric couple. Edison has made some experiments, and

one apparatus devised by him had as its operative feature

the magnetization and demagnetization of iron by rapid

alternations of temperature. Tesla is reported to have

nearly perfected an invention along these lines, but he is

not likely to make it public until it is ready for use.

From the chemical side the problem has been attacked by
Dr. W. Borchers, of Duisburg, Germany, who in a paper
read before the German Electro-Chemical Society,

announced that the problem of cold combustion of the

gaseous products of coal and oil in a gas battery, and its

direct conversion into electrical energy, can certainly be

solved. The brains of many electricians are busy with

these ideas, and there is a possibility that a few years may
see the utilization of coal without the wasteful intervention

of the steam engine.

Tesla's oscillator, which was exhibited at the World's

Columbian Exposition, is a step in this direction. It

makes the steam-cylinder operate the dynamo without the

intervention of any other mechanism. The one exhibited

was merely a steam chest, disassociated from the usual
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governing mechanism, that thrusts armatures into the

fields of a force of an electro-magnetic coil. The inven-

tion is as yet in an imperfect state.

The storage battery miscalled, for it is really not an

attempt to store electricity is as yet in its infancy. It

is really a secondary battery, the principle of its action

being the decomposing of combined chemicals, by the ac-

tion of a current applied from a stationary generator or

dynamo, and these currents again unite as soon as they
are allowed to do so by the completing of a circuit, and

in recombining give off nearly as much electricity as was

first used in separating them. Leaden plates, one cleaned

and the other fouled by the action of a current, arc the basis

of the secondary battery. The expense and inconvenience

of the arrangement has prevented its wide utilization,

although it is used on some street railway lines and as a

means of propulsion for motor carriages.

Electricity has been put to a number of minor uses.

The electric bell, now in common use. was invented by

John Mirand in 1850. On pressing a button, spring con-

tact is made and the current flowing through the circuit

strikes the bell. It has been improved so that the bells

are serviceable as alarms in many ways. An undue rise

in temperature may melt a piece of fusible metal and warn

the proprietor of fire. Safes and show-cases as well as

doors may be made to signal by a red light the fact that

they have been burglarized. A thief was once photo-

graphed by a flashlight kindled in this way, and the like-

ness thus secured brought about his capture. The an-

nouncing of the entry of burglars into a house is of course

an easy matter.

Electric clocks are familiar in every city or large town.

Electric magnets are placed behind the dials, rind, hv means

of an armature working at '> fivmo and ratchet wheel us
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the current is sent from the standard clock, move the hands

forward every minute or half minute.

The phonograph, which is startling, but has not as yet

been made of great commercial use, is one of the most

interesting of electrical devices, as it stores and reproduces

speech. Edison announced his invention in 1878, and the

instrument succeeded so well that a member of the Acad-

emy of Sciences at Paris declared that it was a mere

ventriloquist's trick. The phonograph, as perfected, is

simple in its construction. Every vibration of the dia-

phragm causes a stylus at its end to make a corresponding

mark on a cylinder which is set in operation. After the

record is made the sounds are reproduced as the stylus

again travels over the indentions. Aside from its use as

an amusement, the phonograph is chiefly useful as a means

of dictation, the words being repeated in the ear of a type-

writer operator at whatever speed may be desired. It is

also used to teach pronunciation, and will be invaluable

in preserving exact records of the speech of the present and

the voices of great singers for future ages.

So many and varied are the uses of electricity that it

enters into every science, and many of these applications

are mentioned in tin's volume under the heads of those

general subjects. To barely enumerate these devices

would require a volume. The induction balance has been

used as a sonometer, or machine for measuring hearing,

and the bottom of the sea has been explored by sonometers

for sunken treasure. Leaks in water-pipes have been

localized by the microphone, and the story is told of a

Russian woman who was saved from premature burial

because the microphone made audible her feeble heart-

beats. The peculiar sensitiveness of electricity makes it a

means of surpassing delicacy in measuring heat, light or

chemical action, By the bolometer, invented by Prof,
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S. P. Langley, a change of temperature of one-millionth

of a degree Fahrenheit has been recorded, a refinement

scarcely approached by any other means of scientific de-

tection.

The automatic devices are endless. It is used for every

purpose, and indeed the system of electrocution made use

of in New York as a means of capital punishment makes

it possible for a man to die by electricity as well as to live

with its aid.

It is said that while much progress has been made dur-

ing the Century in the application of electricity, men are

still ignorant as to what it is. As a matter of fact, the

principles of electric action are known. We know that

electricity will induce magnetic force and magnetic force

will generate electricity; that electricity will induce chem-

ical action and chemical action will induce electricity; that

electricity will generate heat and heat will generate elec-

tricity; that electricity will develop light and light will

generate electricity. We also know the conditions under

which these actions take place and the relations between

the cause and effect.

Because man does not know why electricity will make
a motor revolve and give off power, he thinks we do not

know much about electricity. It is possible to know what

a natural phenomenon will do, and yet not know what it

is. Consider for an instant the steam engine, and if you
trace back to the primary cause of its motion you will find

that we know nothing of the true nature of that cause.

We know that heat gives steam an expansive force, but

we do not know why. No one knows why heat expands
matter. Although there are theories, no one knows what

heat is.

So physicists, during the Century, have found out what

electricity is, just as they have found out what sound, heat
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and light are. They are alike in some respects. They are

all vibrations of that subtle and all-pervading medium

which pervades the universe and is known as the ether.

Young and Fresnel have shown that space is filled with

Imniniferous ether of which very little is known except

the mathematical conditions under which waves are propa-

gated in it. Clark-Maxwell, by the extension of the

mathematical theory of light, has shown that light and

electricity are of exactly the same nature, and Hertz, the

German physicist, by his experiments, demonstrated the

truth of this, independently of mathematical theory. Light

and electric vibration have been shown to be one and the

same thing, differing only in the lengths of the vibrations.

The reason why we do not wonder what light, heat and

sound are is not that we know, but that we are so familiar

with them from our birth that we do not stop to wonder.

"We know what electricity is in the sense that we know

what light, heat, and sound are, and in that respect only.



MINING AND METALLURGY

Mining and metallurgy are not devices of the Nine-

teenth Century; for Tubal Cain is mentioned in Genesis

as a worker in metals, and ever since then men have dug
minerals from the earth and fashioned them to their uses.

Yet because of improved methods in digging out subter-

ranean treasures and extracting the ores, the industries

of mining and metallurgy have had a phenomenal growth

during the past hundred years. "\Yhile agriculture has

only doubled and manufactures quadrupled since 1840. the

mining output has increased thirteen-fold. The increase

since 1840 is shown by the following table, compiled by
the statistician Mulhall :

Hands. Tons raised. Value.

1840 442,000 56.200,000 $157,500,000
1860 1.016,000 182,600.000 380.000,000
1880 1,760,000 420,400,000 745,000,000

1894 3,130,000 746,000.000 1,510.000,000

These statistics show that, although mines arc deeper,

one man now raises as much weight in mineral wealth to

the surface of the earth as two did fifty years ago. It

is worth mentioning that the United Slates mines about

one-third. Great Britain one-third, ami the rest of the

world combined the other third in quantity, while in value

the United States is far ahead.

Seventy per cent of the total weight of minerals mined

is coal, and so in a review of the gigantic and marvelous

developments that have taken place in mining and metal-

lurgy during the Century just closing, too much impor-

tance cannot be attached to that mineral, as the chrysalis of

158
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latent energy, as the one great omnipotent factor of all

modern industrial evolution. Indeed, so all-essential has

coal become to civilization, that man dare not even in fancy

conceive of a time when it shall have become exhausted.

Yet the geologist and the statistician have logically demon-

strated that at the present rate of consumption the coal

supply of the entire world will have been consumed within

one thousand years. In answer to the question that natur-

ally arises, AYhat then? scientists, philosophers and magi-
cians are all mute; for, so far as they are now able to see,

all their vaunted triumphs will be as naught on that fatal

day, and the wheels of progress forever cease to turn.

Yet the grimy black substance which we have come to

regard as an absolute necessity to our very existence, was

practically unknown to our forefathers except as an ob-

noxious and unwelcome substitute for fire-wood. The

opening of the present century found the world in com-

parative ignorance of its industrial value.

The first authentic mention made of coal in history

is by Theophrastus, about 300 B. C, although it is prob-

able that its combustible qualities were discovered long

before that. It wras mined by the men of the paleolithic

and neolithic ages, as we know from the flint axes and

other implements found in prehistoric excavations in vari-

ous parts of England. It is possible that the early Britons

were slightly acquainted with its industrial value at the

time of the Roman invasion in 55 B. C. In 1239 a char-

ter was granted the freemen of Newcastle, giving them

permission to dig and gather coal in the Castle fields, and

here the history of coal as a commercial product may be

said to have begun. When Newcastle coal was offered for

sale in London it was indignantly rejected by the city

fathers as an innovation inimical to the health and hap-

piness of the city, and it was not until after much persua-
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sion that permission was given to unload it. In 1300 a

proclamation was issued by the King, prohibiting its use

within the city walls, and imposing a fine upon those who

persisted in burning it. The license granted the freemen

of Newcastle was revoked, and the coal question was sup-

posed to have been settled forever. During the reign 01

Edward III, the prohibitive law was repealed and the New-

castle freemen were again allowed to dig and gather coals

and ship them to London. During the reign of Elizabeth

its use was again prohibited in London during the sitting

of parliament, as it was claimed to be injuiious to the

health of the country squires during their sojourn in the

city. But notwithstanding the many obstacles placed in

the course of its progress, the use of coal spread rapidly,

and the middle of the last Century found it used almost

exclusively in the smelting of iron and for other industrial

purposes all over England.

Although the early history of coal is thus distinctly

linked with the history of England, its later history is

common to nearly all the great nations of the world.

The first discovery of coal in America was made at

Ottawa, Illinois, as is chronicled by Father Hennepin, a

Jesuit explorer, who visited that section in 1679. The
first coal mine was excavated near Richmond, Virginia,

the discovery having been made by a small boy while fish-

ing on the James River, the bituminous vein being exposed

along the shores of the stream. Ten years later the famous

strata of bituminous coal was discovered around Pitts-

burg, and at the beginning of the Nineteenth Century

shipments were made to Philadelphia. Anthracite coal

was discovered by a hunter, Nicho Allen, near Wilkes-

barre, Pa., in 1792. Like many other important dis-

coveries, it was accidental. Allen encamped one night and

built his fire upon some small black stones that lay scat-
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tered about in profusion. Having cooked his supper, he

went to sleep as usual, and when he awoke in the middle

of the night he found himself lying in a bed of flames.

The stones were all on fire, and he barely escaped with his

life. He told the story of his adventure far and wide, and

shortly afterwards a company was organized to mine and

ship the black stones to Philadelphia. Colonel Shoemaker,

a worthy colonial gentleman, was at the head of the enter-

prise, and upon his recommendation most of the first con-

signment was sold. The people, however, did not under-

stand how to use the coal, and there was a popular feel-

ing of indignation against Colonel Shoemaker, who was

denounced by the city authorities as a rascal for having

palmed off rocks upon them as coal. Since then Phila-

delphia has grown to be a great city largely through the

agency of those same black rocks, and the anthracite coal

fields of Pennsylvania yield 50,000,000 tons annually.

It would be hard to estimate the amount of money the

United States has made out of its coal. One small region

in Eastern Pennsylvania produces every year coal to a

greater value than all the gold mines of the Rockies, Can-

ada and Alaska. Adding to this the value of our annual

production of a hundred and thirty odd million tons of

bituminous coal, it can be said safely that we get more

than three times as much wealth out of our coal mines as

out of our gold mines. The great Appalachian field pro-

duces 100,000,000 tons annually. Indiana, Kentucky and

Illinois have an immense output. Utah, Montana, Colo-

rado, Washington and Wyoming are also rich in coal de-

posits, and fields of incalculable value have been in late

years discovered in Alaska. There is scarcely a country on

earth where coal has not been discovered in greater or less

quantities. The following table is the latest estimate

(1897) of geologists regarding the world's coal produc-
Voi,. 10 ii
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ing territory: China, 200,000 square miles; United

States, east of the Rockies, 192,000 square miles; Canada,

65,000; India, 35,000; Xe\v South \Vales, 24,000; Russia,

20,000; United Kingdom, 11,500; Spain, 5,500; Japan,

5,000; France, 2,080; Austria-Hungary, 1,790; Germany,

1,770; Belgium, 510.

Although the English coal area is comparatively small,

nevertheless that country was for years the center of the

coal production of the world, and for many years mined

more than half the total amount used by the world. But

her coal production is being gradually overshadowed by
that of the United States. The English coal veins are

shallow. The Newcastle coal fields, her richest, have

veins from three to six feet thick, while the Pennsylvania
anthracite veins run from thirty to sixty feet in thickness,

and the Fittsburg bituminous veins from ten to sixteen

feet. Some of the English veins are already worked down

3,887 feet, and at the present rate of mining it is estimated

that if it is worked down to 4,000 feet English coal will be

exhausted in about 200 years. It is therefore possible that

England's glory as a manufacturing nation must soon be

on the wane. It is also self-evident that the United States,

with its vast supplies of that mineral, and its magnificent

facilities for transportation, already the chief manufac-

turing nation of the world, is destined to increase its lead

enormously. The coal mining systems perfected during
1

the present Century, and their equipments of colossal

machinery are among the wonders of the engineering and

mechanical world. The modern coal mine of a large scale

is really an underground city with avenues and streets

extending for many miles. One of the largest of these

subterranean towns is near Newcastle, England, and con-

tains nrt less than fifty miles of passages, the result of

cxcavati. r,s vn'iiidit by human hands,
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The mode of working the coal mines has undergone a

complete revolution. The older process was, after reach-

ing the strata to be operated, to, take out as much of the

material in stalls as was considered safe. This left a pillar

to support the roof of the mine, and thus only a portion

of the material was available. In 1816, by the introduc-

tion of the Davy Safety lamp, it was rendered possible to

work in what were very dangerous circumstances, and less

and less wall was left in the form of pillars. This was

called the "long wall working," and is the method in use at

the present day. The system consists in the excavating
first of long roadways through the strata, the superin-

cumbent strata sinking down on the top of the wastes left

behind by the miners.

The ventilation of mines had long engrossed the atten-

tion of engineers and legislatures. The first radical

improvement brought about in this direction occurred in

the year 1820, when the workings were divided into dis-

tinct portions or panels so as to insure a direct passage of

air from the downcast to the upcast shaft. These shafts

are, in reality, very deep wells sunk at either end of the

mine. The air from the downcast rushes through the

passage and seeks egress by way of the upcast. The

draught of air thus created, while it carried away a certain

amount of impurities, was insufficient to provide air for

inhalation by the army of workers. To accomplish this

a large furnace was placed at the foot of the upcast shaft,

the intense heat arising from this furnace rarified the

column of foul air admitted above it, thus causing it to

ascend and make room for the colder air from the down-

cast shaft. For many years this method was without a

rival. Various pumps, fans and pneumatic screws were

tried without success. But in 1849 an English mine owner

named Powell put into his mine a large centrifugal fan,
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designed by Brunton. It operated on a vertical axis and

was placed at the surface. Although it was a marked

improvement on the old furnace system, the new ventilator

made slow progress until Guibal introduced another large

fan at the London Exhibition. Since then the many
advantages to be derived from mechanical means of ven-

tilation at the surface have become more fully recognized,

and fans, some of which run at terrific speed, are in use

at all modern collieries.

The haulage of coal from the diggings through the

devious passages to the foot of the mine shaft is another

item in coal mining which has been greatly improved.

The use of cast iron tramways dates back to 1/67, and

about 1820 George Stephenson introduced mechanical

haulage underground, although its success was not ulti-

mate until the use of wire ropes became general.

Until 1845, or thereabouts, the underground haulage was

accomplished chiefly by women and children, who were

treated by their overseers as veritable beasts of burden.

The passage of legislative acts about this time compelled

proprietors to use ponies and horses underground. For

many years chains and ropes were used for mechanical

hauling and winding, a practice which entailed great dan-

ger so much so that the chains had to be abandoned alto-

gether. Until the year 1862 flat hempen ropes were used

exclusively. Then Xewell brought his metallic wire ropes

to such a state of perfection that they were substituted for

the hempen ones. Up to the present day the steel rope is

without a rival, and it has done much to make mechanical

haulage both possible and general. The rope is usually

driven by an engine at the surface, but sometimes the

engine is placed underground and run by steam or com-

pressed air. The speed of hoisting or winding, as it is

termed, compares favorably with that of railway trains.
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At many of the. large mines the coal is lifted a depth of half

a mile in less than a minute. Owing to greatly improved

appliances in shaft machinery accidents are very rare. In

the best regulated coal mines there are automatic appli-

ances, in case of the cage becoming liberated from the

rope, to prevent its falling down the shaft again.

The greatest danger to which the coal miner's life is,

and always has been, exposed is that which awaits him in

the form of explosions of inflammable gases. In the early

years of the Century these explosions received the atten-

tion of all the leading scientists. Lentil the introduction

of Sir Humphrey Davy's safety lamp in 1816, coal mines

were tested before the men entered them by ''trying the

candle;" the presence of the deadly fire-damp being shown

by the flame assuming a bluish color, and other gases by
various peculiarities in the tint and shape of the flame.

Complicated improvements which have since been made on

the Davy lamp, together with the introduction of electric

light wherever available, have in recent years combined to

reduce this danger to a minimum.

Next to coal, iron has been the greatest factor in the

phenomenal industrial progress attained by the genius and

wisdom of the Nineteenth Century. The history of iron

and the manufacture and use of steel are as old as civiliza-

tion itself. The Chinese were familiar with steel fully

2600 B.C., ancient Chinese writings containing descrip-

tions of the processes used in its conversion. The Phoeni-

cians were also acquainted with the use of extremely
hardened iron (properly speaking, steel) as their num-

erous and beautiful works in ornamental metallurgy, and

the cutting and engraving of precious stones, for which

they were conspicuous among the nations of antiquity,

necessarily involved. During the "Middle Ages the

strength and durability of iron led to its extensive manu-
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facturc and ti.se for defensive purposes, and the iron-

monger and blacksmith occupied prominent positions

among the craftsmen of that darkened period of the.

world's history.

Crude cast or "Pig" iron is the most widely used metal

of modern times and the most indispensable in the indus-

trial arts, either as the material out of which articles may
be formed by the operation of casting", or as the substance

from which the purer forms of the metal may be obtained.

The history of the metallurgy of iron and steel during
the present Century is marked by four epoch-making in-

ventions, beside which all others sink into comparative

obscurity. These four inventions, which completely

revolutionized the industry to which they were applied,

are : The hot blast for blast furnaces, invented by James
Xeilson in 1828, which doubled the output of the blu.^t

furnace without any extra fuel
;
the Bessemer process fur

the conversion of steel, invented in 1856; the Siemens

regenerating furnace in 1862; and the Gilchrist-Thomas

or basic process of making steel from iron containing

phosphorus, invented in 1880. In following the develop-

ment of the iron industry it is well to remember that the

blast furnace producing cast iron has two offices to per-

form. It has to reduce the ore to a state of metal, which

process is effected in the central and upper part of the fur-

nace by the action of carl)' >n and carbonic monoxide. The

reduced metal is then melted, and in this operation it ab-

sorbs carbon and becomes cast iron, while the foreign mai

ters of the ore fuse with the coke-ash and are withdrawn

in the form of slag.

The very early iron furnaces did not produce cast iron,

unless by accident; they produced a steely wrought iron

that did not melt, but had to be picked out of the furnacr.

This was due to the fact that the furnace-. K-'iv r vcr
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small, used charcoal as fuel, which had great power of

reduction, but would not make sufficient heat to melt the

iron. In 1828 Neilson conceived the idea of feeding all

kinds of furnaces with blasts of hot air. The invention

proved a great success and effected a great saving in fuel,

with a phenomenal increase in the production of the Eng-
lish furnaces. No further notable improvements were

made until 1845, when Budd conceived the idea of utiliz-

ing the gas which escaped from the mouth of the furnace

by drawing it below and heating the air for the hot blast

with it. Soon after this the closed top to the furnace was

invented.

With the exception of some special processes, entailing

endless toil and great expense, the majority of steel in

early days was converted from cast iron by the puddling

process. This consisted in melting the cast iron in the

form of pigs on the hearth of a reverbatory furnace, in

contact with iron cinder and iron ore, accompanied by a

constant stirring of the melted metal, or "puddling" as it

is termed. After being worked into shape by hammers

and rolls it was enclosed in cases of horn shavings and

heated to a high temperature for many hours. When re-

moved from the casing the metal showed a blistered sur-

face, and was called blister steel. Puddling in this fashion

necessarily involved a great amount of hard manual labor,

and various attempts were made to get rid of it. Many
minor inventions were made for the production of steel

before the great revolutionary one of Sir Henry Bessemer

put in its appearance in 1856. This is regarded one of the

greatest inventions the world has ever seen, and has done

more than almost anything else to revolutionize industry.

Bessemer began his experiments in the production of steel

from pig iron by use of the air blast. Cast iron was

melted in a reverbatory furnace, from which it ran into
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a vessel in whose bottom were a number of blow holes

through which a blast of air was maintained. As the hot

iron ran into the vessel, and as the blast was forced through

it, its carbon and silicon were burned out and such com-

bustion taking place heated the iron to an exceedingly

high temperature. It was originally intended to with-

draw the metal when the carbon was sufficiently reduced.

But this was impracticable, except in rare cases, as the

least trace of phosphorus impaired the quality of the steel.

The system of blowing the metal to the complete exhaus-

tion of the carbon, and afterwards adding a certain quan-

tity of cast iron, was generally adopted. By varying the

proportion of the materials added, it was possible to pro-

duce steel of any required percentage of carbon. Shortly

after it was introduced into this country, Holley developed
a system of hydraulic machinery for the operation of the

process. The metal is now treated in an egg-shaped con-

verter, mounted on trunnions, and large enough to treat

at once from one to twenty tons of melted iron. It is

automatically turned on its side to receive the charge, the

blast is turned on and it is brought in an upright position

to receive the blow. As the air passes through the melted

mass, a vivid flame bursts from its mouth. The carbon

and silicon having been burned out, the converter is turned

again on its side to receive the carbonizing charge of ferro-

manganese or spiegeleisen, and the effect of any trace of

phosphorus is partly overcome by the manganese thus

added. The steel, which has been reduced to the consist-

ency of water by the intense heat, is poured from the con-

verter into moulds. Under the old steel processes these

units were of but a few pounds weight, whereas the

Bessemer process converts the steel into units of many
tons. But thus far steel could only be made out of very

pure iron, the presence of any considerable trace of phos-
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phorus being ruinous. In 1878 Sidney Gilchrist Thomas

announced that he had succeeded in reducing the phos-

phorus in the Bessemer process by the use of lime. After

exhaustive experiments the basic Bessemer process was

evolved by Thomas and his cousin, Gilchrist. This process

consists in lining the converter with specially made bricks

composed largely of -lime and magnesia, and in throwing

a quantity of lime into the converter before it receives the

charge of iron. After the blow is given, there is a period

of some minutes of after-blow after the carbon is all gone.

The effect of this after-blow in the presence of the basic

material is to remove the phosphorus almost entirely. In

1860 Sir William Siemeu's regenerative furnace was com-

pleted.

The principle peculiarity of this invention is the way
in which the heating is effected. The gas from the pro-

ducer and the air for its combustion are made to pass

through chambers of intensely heated fire-brick piled up

loosely. Before they leave the furnace the products of

combustion pass through two other such chambers. By
the manipulation of valves, the course of the gas and air

is changed. A sort of cumulative effect is produced by
the process, and a most intense heat is developed at the

expense of a comparatively small amount of fuel. Appli-

cations of the Siemens, or open hearth furnace, to making
steel at once became obvious. By the Martin process a

steel of any desired percentage of carbon is produced by

melting pig iron and wrought iron together on the hearth.

The Siemens process produces steel on the open hearth by
the melting of pig iron and iron oxide. In the Siemens-

Martin process both methods are combined, the product of

the operation being the famous open-hearth steel. A
description, or even a brief mention of the many valuable

modifications and improvements that have been added to
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these four great epoch-making inventions would necessi-

tate the writing of a volume devoted exclusively to the

history of the iron and steel industry.

The discovery of aluminum, the lightest metal known,
is probably the most novel and notable attainment of Nine-

teenth Century metallurgy. The alchemists of the Mid-

dle Ages speculated on the composition of alum and de-

cided that it must have an earthy base. About 1600 Stahl

said this base was similar to lime. In 1724, Fr. Hoffman

first announced the correct idea that the base of alum is

a substance distinct from all earthy bases. This was dem-

onstrated by Marggraf in 1754, and in 1760 Professor

Baron, of Paris, announced that he had tried without suc-

cess to reduce it to metal. Yet the belief that it would ere

long be isolated was so strong that in 1762 this earthy

base was named alumine. The discoveries by Lavoisier

and Priestly, about 1780, led directly to the idea that alum-

ina is the oxide of a metal that had not been isolated, and

during the next forty years all imaginable methods of re-

ducing it were tried without success. In 1824, a Swede

named Oersted, discovered a method of making from

alumina a combination of aluminum with chlorine, the first

being an element of clay and the latter of common salt.

In 1827 Frederick Wohler, a German professor, found

that metallic potassium had such a strong affinity for chlor-

ine that it would take it from the aluminum chloride and

leave the metal free. The aluminum obtained by \Yohlcr

was, however, only as a fine powder, which resisted all

efforts to make it amalgamate. The trouble was to find

an element with such a strong affinity for oxygen that it

would take it away from the aluminum, leaving the latter

free. In 1854 Ste. Clair Deville experimented with potas-

sium with the much-desired result, but the product when

obtained cost more than its weight in gold, the actual cost
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of a pound of the metal being about $200. Then Deville

tried the mixing of aluminum chloride with common salt,

subjecting the liquid to the decomposing force of a strong

electric current. The product so obtained cost but little

less than the first. Then he tried metallic sodium instead

of potassium, by which process he was able to manufacture

aluminum at a cost of $8 per pound. No cheaper method

was discovered until 1886. In that year a new process for

making sodium reduced the cost of that chemical from $i

per pound to less than 25 cents. This had the effect of

materially reducing the price of aluminum production, and

by 1888 the metal was selling for $5 per pound, the total

output being one ton weekly. But the sodium process was

soon to be a thing of the past, for in 1889 Charles M. Hall,

of Oberlin, Ohio, patented an electrolytic process, and

started a small plant for the manufacture of aluminum on

the bank of the Allegheny River, about eighteen miles

above Pittsburg. The process consisted of a bath of

aluminum fluoride and sodium fluoride, in which alumina

has been dissolved. This mixture is kept melted by the

heat of a strong electric current, which decomposes the

alumina in the solution without decomposing the bath in

which it is dissolved. By this process the metal is now

being made at a cost less than 50 cents per pound, and

numerous factories for its manufacture and that of its

alloys have been established both in this country and

abroad.

The possibilities of aluminum are infinite. It is about

as light as oak wood, being about one-fourth as light as

iron and has greater resistance than the very best steel. It

stands high in the list of malleable metals and can be drawn

into a wire i-25oth of an inch in thickness. It is an ex-

cellent conductor of electricity, and would at 20 cents per

pound take the place of copper for all electrical purposes.



1 72 REMARKABLE ACHIEVEMENTS

In shipbuilding, where lightness is demanded, aluminum

meets every requirement. France and Germany have

several aluminum torpedo-boats, and pleasure yachts are

being built every year of this metal. In Germany two

army corps are equipped with aluminum, the equipment

including every article of metal carried on the person.

Paris has several aluminum cabs, and aluminum horse-

shoes and aluminum sulkies are made for some of the great

racers. The Twentieth Century will no doubt see it sup-

plant iron and steel to a great extent, as the time is certain

to come when it can be manufactured as cheaply as those

products. It is well known that aluminum is present in

every clay bank, and it would be difficult to say more

plainly how common it is. The only question is how to

separate it from the clay at a cost that will put it within

reach of the mechanic and the manufacturer, and as it is

believed that discovery is not far off, the predicted

"Aluminum Age" may be near at hand.

There is so much of the romantic and picturesque in

the history of the past fifty years' developments in the

mining of the precious metals and gems, that the recount-

ing of it would seem to be more within the province of the

novelist than of the sober chronicler of ordinary events.

In that short period the two richest gold fields of modern

times have been discovered, and diamonds and other

precious stones have been found in such profusion as to

cause a depreciation of at least one-third in the value of

some of them, as, for instance, diamonds.

Probably the most contagious gold fever that ever

spread over an adventure-loving world was that which

broke out in May. 1848, when Sam Brannan, the leader of

the Mormons in California, pranced through the streets of

San Francisco, swinging his hat and brandishing a bottle

of gold and shouting at the top of his voice. "Gold, Gold,
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Gold from the American River." On the I9th of January
of that year James Wilson Marshall, a carpenter, while at

work on the tail race of Slitter's Mill, in Eldorado County,
had made the discovery of the precious yellow metal. The

outcry of Sam Brannan was as the touching of flame to

tow. The whole town became ablaze with excitement.

Everybody left his shop, store, or office and made a mad
rush for Sutler's Mill, where the Mormon told them they

would find the very river beds filled with golden gravel.

The cry of Sam Brannan went all over the world, and the

wonderful tale of an El Dorado was transported North,

East, South, and \Yest. It reached Hawaii first, and

twenty-seven vessels, loaded with whites and natives, set

sail before October i. Two-thirds of the population of

Oregon deserted hearth and home and sought the gold
fields. From six cities, New York, Boston, Salem, Phila-

delphia, and Baltimore, sixty-one vessels, averaging fifty

passengers each, set sail for California between the middle

of December and the middle of January, 1849. Sixty
vessels cleared for the same voyage around Cape Horn
from New York alone. During the winter and spring

250 vessels sailed from Eastern ports. Th^ long live

months' trip around Cape Horn was a wearisome outlook

to the feverish gold seekers. There was a mad scramble

for passage on any kind of craft that would float. The

California, a side-wheel steamer of 1,050 tons, was the

first of these ships to pass through the Straits of Magel-
lan. At the South American ports competition was so

fierce that steerage tickets were eagerly snatched up at

$ 1,000 each. AYhen the ship arrived at San Francisco and

the passengers had swarmed off into the jubilating town,

every one of the officers and crew ran away except the cap-

tain and the assistant engineer. It was impossible to man
the vessel for the return trip and she drifted helplessly
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about in the bay for a long time. Before the middle of

January, 1849, there was not an important shipping port
in the world that did not contain at least two or three ves-

sels that were fitting out for the Golden Gate. Even the

farthest East was not beyond the stretch of the contagion.
China began to throw a stream across the Pacific, and Aus-

tralia placarded the streets of her chief cities with glowing

signs : "Gold, gold, gold, gold in California." In the

early part of the year 316 vessels from foreign ports sailed

through the Golden Gate. Most of these vessels were

deserted by their crews as soon as they touched the land.

At one time more than 500 ships were counted in the bay,

and not one could boast a crew or guard. On a par with

this great migration by water was the grand overland

movement that began in the spring of 1849, as soon as

passage over the plains and mountains was feasible.

The story of the overland route is one long tragedy. The

rallying points of this migration were St. Joseph. Mo., and

Independence, Mo., on the Missouri River, from which

stretched the two long weary trails. Thousands and thou-

sands of vehicles of every description rolled into these

headquarters early in April. In May the great caravans

set out, and before June 10, 5,095 wagons had passed a

certain point on the Humboldt River trail, and it was

reckoned that a thousand more were left behind on account

of sickness and death, or, as often happened, massacres

by the Indians. The rear ranks of the long processions

of that year were overtaken by a terrible scourge of

cholera, and 5,000 died on the march, while other thou-

sands were prevented from continuing the trail.

Considering the crude processes then in vogue for the

mining of gold, the yield that rewarded the brave argon-

auts was truly phenomenal. In the first year $10,000,000

worth was taken out; this increased to $40,000,000 in
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1849; $50,000,000 in 1850; $55,000,000 in 1851; $60,-

000,000 in 1852; and it reached its highest point in 1853,

when a total value of $65,000,000 was recovered. Dur-

ing these first six years the methods of extracting the gold
were very crude, and therefore very wasteful. The min-

ing was carried on in what was termed placer deposits, and

the favorite tools of the forty-niner were the pan, the

rocker, the Long Tom, and the sluice box. The rich al-

luvial deposits becoming worked out in the course of time,

the miner turned his attention to the gold-bearing rock.

Then the mining of gold became a more difficult and costly

matter. Science, skill, and capital were demanded, and

chemistry was called in to determine the composition of the

various ores. The pan, the rocker, and the Long Tom
gave place to the highly organized machinery of the stamp

mill, with its costly stamp batteries, amalgamating pans,

and concentrating tables. In due time the rebellious ores

were treated by roasting, and the various leaching proc-

esses were introduced, by which practically the last trace

of gold could be recovered from the tailings. There were

also perfected a number of systems of hydraulic mining,

whereby enormous deposits of gold-bearing gravel can be

worked to advantage. As its name indicates, the mining-

is done by the action of water, which is discharged under

enormous pressure against the gravel bank or bowlder,

thoroughly seggregating it and washing it into sluices,

where the gold is deposited.

During the first flush of the gold excitement there was

little or no attention paid to the mining of the less valuable

metal silver, although it abounded in close proximity to the

gold diggings. To the two and a half million ounces of

gold taken out in 1850, there were only 38,000 ounces of

silver. This rose to 12,375,360 ounces in 1870, and
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reached the maximum in 1890, when it amounted co

54,5 I 7>44<>.

Since the discovery of gold in California, rich deposits

have been located and worked in all the Rocky Mountain

states and in the Black Hills of Dakota, but, with the ex-

ception of the Cripple Creek Colorado excitement of 1895-

1896, nothing approaching the frenzy of '49 occurred until

the news was spread that treasure of untold value had been

found in Alaska. Then the scenes of the early fifties were

enacted all over again. The excitement reached its height

in 1898, and men, and women, too, flocked from the utter-

most parts of the earth to the frozen and barren regions of

the Yukon and the Klondike. The tragedies of the over-

land, or "backdoor route/' as it is called in this case, were

repeated. Bleached bones strewed the way over the Can-

adian Rockies and through the mountains of Eastern

Alaska for thousands of miles, and the name of Chilkoot

Pass became synonymous with that of death. During
the winter of 1897-98 and the following summer every
available vessel in the Pacific ports was put into requisi-

tion, and hundreds of thousands made the long sea jour-

ney to St. Michels, thence up the Yukon, sixteen hundred

miles to Dawson City, the metropolis of the Xew El

Dorado. Owing to climatic restraints, it has been im-

possible to determine the richness of the new treasure land,

or to even make a conjecture regarding its possibilities.

There is not space here to even briefly describe the

wonderful and costly mechanisms that have been intro-

duced into the gold-mining industry in very recent years.

The principal innovations, however, are the steam dredge,

used for scraping up the gravel from rivers, and the peri-

patetic mining machine on wheels, built by the Pullman

Company for the smelting and testing of ores.

The development of copper mining industry has been
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no less remarkable than that of gold. The discovery of

the famous Cliff copper mine on the shores of Lake Michi-

gan in 1844 opened up one of the richest deposits of this

mineral that has ever been known. The first recorded

production was one of 12 tons, taken from this mine in

1845, which increased to 150 tons in 1848. Within the

last twenty years the increase of production has been with-

out a parallel. From 27,000 tons in 1880 it had attained

to more than 200,000 tons in 1897, an amount which is

greater than the total production of all the other countries

of the world combined. Although copper is worth to-day

only one-half what it was twenty-five years ago, the out-

put is more than thirteen times as great. This success

has been achieved entirely by the introduction of improved

machinery for the mining of the raw material and in

efficient processes of metallurgy in the division and refin-

ing of the ore. The great Calumet and Hecla mines in

Michigan each treat not less than 1,000 tons, and often

as much as 3,000 tons of rock daily. The machinery used

in handling this material is the most powerful of its kind

compressors and rock drills, pumps for lifting water from

the mines
; huge engines for hoisting the rocks, and enor-

mous steam stamp mills where the ore is prepared for the

hydraulic processes of concentration which separate it

from the copper. An immense quality of water is re-

quired by these mills not less than thirty tons for each

ton of rock treated and in the pumping of the water from

the lake some of the largest pumping engines in the world

are used.

The mining and metallurgy of the baser metals zinc,

lead, and tin, and the manufacture of tin plate, have in

recent years become pre-eminently American industries.

The extraordinarily large deposits of zinc and lead which

have been found in Kansas and Missouri have led to some
VOL. 10 12
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notable improvements in the methods of smelting, one of

the most notable being the adoption of the electro-magnet.

A new process for the manufacture of paint is one of the

important outgrowths of the Kansas lead industry. The
old process of manufacturing white lead by the slow cor-

rosion of pig lead has been done away with entirely. The
intent of the new process is to turn the ore directly into

white lead, and to manufacture that into paint. This

process started with the idea of saving white lead from

the smoke and fumes of the smelter. It has reached such

economical development that the ability of the workmen to

stand before the furnace is the measure of the amount of

lead which shall pass into the more valuable product. The
heat to make the new process effective must be of the most

intense character, the furnace being fed with broken car

wheels or anything that will produce sufficient heat to turn

the lead into smoke and fumes from which the white lead

is extracted.

There have been no industrial phenomena so distinctly

characteristic of the Nineteenth Century as the sudden dis-

covery and development of the utilities of the oil and nat-

ural gas fields of Pennsylvania, \Yest Virginia, and Ohio.

The rapidity with which advantage has been taken of the

newly discovered resources, and the manner with which

they have been applied to the widest variety of manufac-

turing purposes, have resulted in important modifications

in a number of industries. Although petroleum had been

known from the earliest times, the history of the industry

really dates from August 28, 1859, when oil was struck at

a deptli of 69^ feet along the banks of Oil Creek, Venango

County, Pa. This well flowed a thousand gallons a day
and the excitement that followed the discovery rivaled the

gold stampede of ten years before. Before the close of-

the year 1860, 2,000 flowing veils had been sunk, and the
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daily output of seventy-four of them was 1,165 barrels of

40 gallons each. Oil Creek below Titusville, the valley of

the Allegheny from Franklin to Warren County, and the

banks of French Creek, became one bustling city of

derricks. Poor, hardworking farmers were made multi-

millionaires in the course of a night. Small villages

reared themselves into veritable metropolises, and a period

of recklessness and wild extravagance ensued, which has

never been equaled in the history of any mining camp.

Although the abnormal features of the early development
of this particular territory have since disappeared, it is still

considered one of the richest oil-producing localities in the

world. More recent but equally fruitful discoveries of oil

and natural gas have been made in West Virginia and

Ohio and a small district near Pittsburg, Pennsylvania,

while the fields of Siberia have been opened to the world.

The development of natural gas. always to be found

in greater or less quantities in petroleum territory, dates

back to 1878, but it did not come into general use for

domestic and manufacturing purposes until 1884. It was

then piped to Pittsburg and for a few years the Smoky
City lost its right to that time-honored pseudonym. In

1887 extensive gas fields were discovered in Indiana, but

now, after a dozen years, they, too, have become partially

exhausted, although the economy of to-day may in part

atone for the extravagance of the past and make them

available for a generation to come. The towns and cities'

that have sprung up around the natural gas centers show"

evidence that they may hold and increase their prosperity,'

even should the supply of gas become exhausted.

For many years it was thought impracticable for

America to even attempt the manufacture of tin plate, and '

that industry, which has now reached considerable' prdpor
1-'

tions, really dates its birth to the passage of the tariff act
?
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of 1890. Since then American tin plate competes success-

fully with the very best Cornwall product, and in view of

the fact that the Black Hills of Dakota contain 500 square

miles of tin-producing district, containing more tin than all

the other tin mines of the world put together, the future

possibilities of the industry are unlimited. Improved
methods employed in the treatment of the plates are all the

results of the past forty years. With the exception of a

few of the Cornwall factories, hand-made tin plate is a

thing of the past. Briefly described, the present process

consists, first, in placing the iron or steel sheet to be coated,

in a solution of sulphuric acid or ''black pickle" for the re-

moval of the scale. Washed of the "black pickle" they

are then annealed in cast-iron boxes rilled with sand to

exclude the air. After ten or twelve hours' roasting, the

plates are passed through cold rolls and annealed a second

time, when they are ready for the second, or "white

pickle/' After this they are dipped in the tinning pot,

where they receive the necessary coating.

As has already been mentioned, the value of diamonds

has in recent years depreciated fully one-third. This is

due partly to improved methods of cutting and partly to

the discovery of enormous quantities of the gem in South

Africa in 1869 and 1870. In tne beginning of the present

Century diamonds were extremely scarce, because of the

primitive way of working the mines, there being no ma-

chinery for the purpose of excavation. The South Afri-

can diamonds were at first found in gravel surface and

entailed scarcely any expense in mining. At that time

the seat of the diamond-cutting industry was at Amster-

dam, and the number of establishments did not exceed

eight. The development of the African mines so in-

creased the trade, however, that at present there are be-

tween fifty and sixty large diamond-cutting houses in
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Amsterdam alone. Antwerp in 1870 had four establish-

ments and 200 diamond workers ; now it has eighty estab-

lishments and 4,000 workers. Large diamond-cutting
establishments have also been founded in London, Paris,

Geneva, and Berlin, with smaller ones in several of the

minor cities of France and Germany, and it is estimated

that there are now 16,500 persons engaged in the diamond

industry in Europe.

Although the discoveries of precious stones in America

have thus far not been such as to warrant high expecta-

tions, nevertheless gems of exceeding value have been

found in various states. Sapphires of extreme beauty and

great intrinsic value have been mined in Idaho; New
Mexico has in late years produced some magnificent tur-

quoises, together with opals, emeralds, and garnets.

Diamonds are met with in well defined districts of Cali-

fornia, North Carolina, Georgia, and Wisconsin.

Exquisite beryls have been found in Colorado, Connecti-

cut, Virginia, and North Carolina.

With the marvelous facilities for quarrying and ship-

ping, the production of building stones has become one of

the most thoroughly organized industries peculiar to the

present Century. The value of granite produced annually

in the United States approximates $10,000,000 ;
of marble,

$2,800,000; of slate, $3,000,000; of sandstone, $4,000,-

ooo; of limestone, $15,000,000, and of bluestone, $750,-

ooo.
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The origin of agriculture is lost in the darkness of re-

mote antiquity, but not until comparatively recent times has

science been applied to its practice. The ancient Egyp-
tians, it is true, attained a proficiency in the pursuit of the

art far in advance of anything seen in Europe until the end

of the Seventeenth Century, if we except the work of the

Saracens in Spain, who revived agriculture, as they did

other arts and sciences. The Egyptian inscriptures and

frescoes testify to an amazing state of enlightenment

among the farmers on the banks of the Nile, thousands of

years ago. Not only did Egypt produce corn enough for

her teeming population, but she annually exported mil-

lions of bushels of bread stuffs. Egyptian cultivators of

the soil were familiar with the value of a rotation of crops

and adapted their crops to the season and soil. They
were expert breeders of poultry and made a practice of

artificial hatching. Their sheep and cattle were admir-

ably cared for, being fed hay during the yearly inundation

and pastured in meadows of green clover at other times.

Their paintings, which illustrate rural affairs, show ad-

vanced methods of plowing, sowing and harvesting, with

well-kept farms and farm buildings.

The Babylonians, the Israelites, and the ancient Ro-

mr.ns were great agricultural nations. Later on the

Romans held agriculture in contempt and fine lands, for-

merly highly cultivated, were allowed to go to waste.

Under the barbarian conquerors of Europe, in the Middle

Ages, agriculture was despised and neglected. The Sara-

cens and their successors the Moors practiced husbandry
182
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as an art. To this day remains of their noble works

testify to their wonderful system of irrigation and to their

enlightened cultivation of the soil. In the rest of Europe
numerous wars and the feudal system made agricultural

progress scarcely possible. The condition of the masses

was such that they had neither the means nor the will to

improve their holdings. All that they raised beyond the

barest necessities of life was taken by those above them.

Rye, barley, and oats afforded food and drink. Even the

aristocracy of Europe had few edibles other than these

and wheat. It is said that until the end of the reign of

Henry VIII, there were no salads or edible roots raised in

England and that Queen Catherine, if she wished a salad,

was obliged to send to Holland or Flanders to get it.

Agriculture partook of the general improvement which

resulted from the invention of printing and the revival of

learning, but its progress was slow. During the Nine-

teenth Century more advancement has been made in the

practice and science of agriculture than during the whole

preceding period of history, although at the beginning of

the Century the study of agriculture and the improve-
ment of its methods had already received a considerable

impetus. Jethro Tull's sensible doctrines and practices

of husbandry had been made known to the world, although
their merit was not fully realized

;
Blakewell's experiments

had resulted in improved methods of breeding and caring

for stock; the alternate system of husbandry had been

substituted for the old wasteful and ignorant practice of

sowing successive crops of corn until the land was ex-

hausted, then turning it out to rest, in the futile belief that

nature would restore its fertility ; improvements had been

made in some farm implements and machinery ;
much had

been done in the way of draining land. Agricultural
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societies had been founded in Great Britain and the United

States.

The increase and diffusion of knowledge of agriculture

during the Nineteenth Century has been remarkable.

This has been accomplished through many agencies

agricultural societies, farmers' papers and magazines, lec-

tures, agriculture colleges and schools, Government

bureaus or departments of agriculture and experiment
stations. As has been said, agricultural societies date

from the Eighteenth Century. In the north of Italy

such societies were established very early in the Cen-

tury and in Scotland there was more than one short-

lived association before the founding of the well-

known Highland Society in 1783. In 1793 a private

association called the Board of Agriculture was incor-

porated in England. This was supported by Parliamen-

tary grants. It did valuable work until it was dissolved in

1816. Since then, various agricultural societies have

sprung up in different parts of Great Britain and in the

rest of Europe. As early as 1784 agricultural societies

were established in Pennsylvania and South Carolina and

in 1791 and 1792 in New York and Massachusetts. From
these beginnings an almost innumerable number of agri-

cultural societies has grown. Each state in the Union has

a central organization which encourages local societies.

In many states each county has its own society. A like

condition of affairs exists in Canada. Much popular in-

terest is taken in these societies. Frequent fairs are held

at which are awarded prizes to fine products of dairy, farm.

garden, and orchard. Horticultural and agricultural

societies have done much to spread a knowledge of im-

proved stocks, implements, and seeds.

The first agricultural school is said to have been

founded by Fellenberg at Hofwyl in Switzerland in 1806.
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It prospered for thirty years and over three thousand

pupils were trained in it. Since then, numerous institutions

have arisen in different parts of Europe, and have been

conducted with success. They have exerted great influ-

ence, especially on the Continent, and it is maintained that

in many countries the land now yields almost twice as

much per acre as it did before the founding of these

schools, colleges, and their attendant model farms. In

the United States, in 1862, Congress passed a bill provid-

ing for the "endowment, support, and maintenance" of

colleges of agriculture and the mechanic arts in the several

states. The course of instruction covers a period of four

years. The curriculum is comprehensive and includes,

besides language, literature, history, and general science,

botany, geology, zoology, entomology, horticulture, vet-

erinary science, and the various interests associated with

theoretical and applied agriculture. As a rule, the tuition

is free, so that any student who is able to pay his living

expenses may take advantage of the opportunities offered.

Systematical study of the farmer's problems under the

Government supervision is almost entirely a development
of the last fifty years. Private individuals, such as Jethro

Tull and Arthur Young, long before made investigations

and experiments for the benefit of humanity, but this was

done at their own expense. In 1843 tne experimental

farms of Sir John Bennett Laws at Rothamstead and of

the Rev. Mr. Smith at Lois Weedon, attracted the public

attention to the benefits to be gained from methodical

study. It was, however, totally impracticable for the ten-

ant farmer of Great Britain to experiment to any extent,

whatever the advantages to the world. At last Parlia-

ment realized this and in 1889 created a Board of Agricul-

ture, whose duties in many respects resemble those of the

Agricultural Department of the United States. Since
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then experimental farms under the auspices of the Govern-

ment and the various agricultural colleges are conducted

with success. France and Germany have long carried on

experiment farms. One of the best Government experi-

ment farms in the world is in Germany, at Mockern, near

Leipsic, in Saxony. It was established in 1851.

The Governmental experiment stations in the United

States date from the establishment of the agricultural col-

leges in 1862. Each college endeavored to teach the prac-

tice of husbandry as well as the theory. Farms were

bought and cultivated under the direction of the colleges.

These became experiment stations. Recent legislation

has systemized the work of these farms; regular reports

are required from them by the Department of Agriculture

and copies of such reports are sent to every other such

station. There are now one or more experiment stations

in each state and territory of the Union. The Department
of Agriculture itself investigates and experiments in both

laboratory and farm. Useful information has been col-

lected and recorded on a multitude of subjects and all of

this valuable matter is at the service of every farmer in the

land. The support of the experiment stations in the

Union costs the country about one million dollars a year.

The commissionership of agriculture was established in

1862. In 1889 it was made a department of the Govern-

ment and its chief became an officer of the Cabinet. The

department embraces the weather bureau
;
also the bureaus

of forestry, agricultural chemistry, botany, entomology,

pomology, animal industry, vegetable pathology, and of

experiment stations. It pays particular attention to over-

coming the enemies of crops, both insects and diseases,

having sent costly expeditions to foreign lands in order

that they might be studied in their native haunts.

The motto of the British Royal Agricultural Society is
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"Science with Practice." It is typical of the agricultural

progress of the Century. Science has been applied to

farming in innumerable ways. Geologists, chemists,

physiologists, statisticians, architects, and mechanists have

helped the farmer solve his problems. At first the tillers

of the soil would have nothing to do with scientific aid, and

opposed all innovations. But as capital and skill were

brought to bear on farming by wealthy and enlightened

cultivators of the soil, wonderful results were obtained;

and, gradually, such object lessons had their effect on the

masses. At the end of the Eighteenth Century, in Eng-
land, millions of acres of wastes, commons and open field

farms were enclosed and the present system of British

farming, by which the land is owned by landlords occupied

by tenants, and farmed by laborers, came into general use.

Through long misuse or neglect the land had become im-

poverished and it was necessary to expend much ingenuity

and capital on restoring its fertility. Men addressed

themselves to the problem with zeal. Attention was given
to the best methods of draining, manuring, and to the ro-

tation of crops. Farm buildings were better planned and

constructed, live stock was improved and better cared for.

The system of thorough drainage and deep plowing
introduced by Smith, of Deanston, about 1834, is, with

modifications, the one in use to-day. Good drainage has

restored the prosperity of clay farms and made them some-

times more productive than the best naturally drained

ones.

Agricultural chemists have made a science of manur-

ing. At the beginning of the Century, as a rule, little

attention was paid to this necessary part of farming.

Half-rotted straw was the usual fertilizer, although many
substances have been used to enrich soil from time im-

memorial. Until the present day the feeding of plants had
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not been really understood and manuring had been done

almost blindly. Chemistry and geology have demonstrated

what is necessary to plant life and what stimulates growth.
Besides water, carbonic acid, and ammonia, plants feed

on certain mineral substances, such as lime, potash, mag-
nesia, soda, sulphates, and phosphates. Certain crops ex-

haust the resources of the soil and these must then be re-

stored artificially. Davy, Sprengel and Liebig led the way
in the study of agricultural chemistry with valuable re-

sults. From 1835 onwards the use of nitrate of soda,

guano, bones, and superphosphate spread. Manufactured

guano proved almost as valuable as the natural Peruvian

supply. Science has taught the farmer to use for enrich-

ing the land many things which were formerly wasted.

Almost every vegetable and animal substance, in one state

or another, can be used as manure, and properly applied

supply the needs of plants. There is, to-day, no lack of

materials and guides to the farmer who would improve and

preserve the fertility of the soil. So thoroughly has the

science of fertilizing been studied and set forth by compe-
tent men that the ignorance and blindness of a Century

ago seem incredible.

In the United States the farmer has had a virgin soil to

deal with. For years he used it wastefully, but of late he

is realizing the wisdom of more careful husbandry, espe-

cially in the East, where worn out land has testified to the

fact that the supplies stored in the soil by nature through-
out ages can be exhausted soon by unthrifty use.

Irrigation is not a product of the Nineteenth Century,

for it seems to be almost as old as agriculture itself. The

irrigation-works of Egypt, Babylonia, Assyria, and China

were built so long ago that no one can name the dates of

their construction. Yet irrigation plays an important part

in the agriculture of to-dav. Tn India an elaborate system
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of irrigation works has been built to prevent terrible fam-

ines, which cause untold suffering in arid but densely pop-
ulated sections of that crowded land. In Madras alone

6,000,000 acres are watered. Great Britain has found

these irrigation-works profitable investments, returning

from 6 to 30 per cent per annum on the money invested

and resulting in annual crop values of millions of pounds.

France has blossomed like a garden with her small, well-

tilled irrigated farms and her thrifty agricultural popula-

tion has grown rich. In the western part of the United

States hot and arid lands have been made to bear luxuriant

vegetation; water has been brought from far under the

earth's crust and by means of artesian well and windmill

distributed over the thirsty land. The irrigation of or-

chards and fruit lands in California has resulted in fruit

unrivaled in size and beauty, which, by means of cold

storage and refrigerating processes, is sent all over the

world.

During the Nineteenth Century much attention has

been paid to the breeding of live stock. Great improve-
ments have been made in all breeds of domesticated ani-

mals. Not only have individual specimens of high merit

been produced, but all over the civilized world there is a

much better quality to be found. Contagious diseases,

such as pleuro-pneumonia and rinderpest, have been corn-

batted successfully and by quarantine have been limited to

small districts, preventing the spreading of the plague.

Agricultural fairs have done much to improve and en-

courage the improvement of live stock, as has the fashion

of breeding pedigree animals. Among wealthy landown-

ers in England, about the middle of the Century, there was

a "pedigree mania," and fabulous prices were paid for

cattle of particular breeds. This drew attention to the

good points of the animals and resulted in a general dis-
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tribution of offshoots from fine stock. Inspired by the

success of British stock breeders, Americans imported
cattle from the best herds, and the effect upon the cattle in

the United States was instantaneous. In 1867 J. O. Shel-

don, of Geneva, New York, sold forty head of shorthorns,

known as the "Duchess," for $42,300. In 1873 a single

scion of the same family brought $40,600 at public auc-

tion, and an eight months' old calf sold for $27,000.
These extraordinary prices attracted the attention of

farmers all over the country to the importance of the selec-

tion and breeding of cattle. As often happens, the pupil

has distanced the teacher, and the average animal in the

herds of the United States is to-day above that of Great

Britain. The Jersey was imported in 1850. Having be-

come acclimated and improved in strength, size, and qual-

ity, she is now one of our best dairy breeds. About 1857

the Holstein-Friesian breed was introduced. In 1896 the

Department of Agriculture estimated there were 16,137,-

586 milch cows in the United States, valued at $363,955,-

545, producing 20,000,000 tons of milk.

Horses, sheep, and pigs also have been much improved

during the Century. The trotting horse is a product of

New England. The Puritans regarded the race course as

a snare of the devil and taught their horses to trot instead

of to run, little dreaming that the trotting match in years

to come would be the cause of gambling like any other

trial of speed on the turf. Lady Suffolk made the first

trotting record below 2 130 less than fifty years ago. In

the United States to-day there are thousands of horses who

can trot a mile in less time, while Alix has covered the dis-

tance in 2 103 3-4. The trotting horse affected materially

the art of the wagon and carriage builder in the Northern

states. Carriage wagons and even agricultural machines

have been constructed more and more with regard to light-
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ness and beauty, and it is said that the average farm wagon
of New England is prettier and lighter in draft than the

carriages used by the nobility and gentry of Europe.

Spanish merino sheep were first imported to the United

States in 1809. The extremely high price of wool at this

period induced farmers to pay especial attention to the

breeding of sheep and the production of wool. In 1812

unwashed wool sold for $2.50 a pound and merino lambs

brought as much as $1,000 apiece. This was practically

the beginning of the enormous sheep industry of the

United States. An ingenious statistician has calculated

that the 40,000,000 sheep of the United States in 1898

would, if placed head to tail in a straight line, reach twice

around the globe.

The American hog is another development of the Cen-

tury. The swine brought from the Old World throve and

multiplied abundantly in the forests of the New World,
with their plentiful mast. The Western farmer had only
to turn his hogs into the woods in the early spring and

herd them with their progeny ;
at the first approach of win-

ter to fatten for a few weeks on corn before killing. Huge
droves of them bred in this way were sent yearly through
the Southern states, where the planters bought them as

food for their slaves. Since clearing the forests, the enor-

mous corn crops of the West have rendered easy the pro-

duction of much finer pork, and the American hog, the re-

sult of judicious crossing of improved English breeds, is

as nearly perfect as possible. In 1898, hogs to the num-

ber of 26,134,000, were slaughtered in the United States.

During the three-year drought in the states west of

the Mississippi the Kansas hens saved Kansas. That the

suffering in that state was far less than that in Nebraska

and Iowa was due to the hens. Living on sunflower seedc

a plant that required little or no water, they produced their
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crop of eggs with unfailing regularity, the only crop which

was unaffected by the terrible drought.

In the middle of the Century there were not more than

half a dozen breeds of poultry in the United States, now
there are over one hundred generally distributed through
the country. Many inventions have made artificial hatch-

ing easy and profitable, and hens go on laying, while chicks

are hatched and cared for by machinery. The average
number of eggs laid by one hen has been increased, by

original methods discovered in the United States, to from

seventy-five to one hundred and seventy-five per annum.

In 1898, it is estimated, the fowls of the country laid 819,-

732,916 dozen eggs. In 1893 the poultry of the United

States was valued at $210,000,000, against $35,000,000

in 1840.

Dairy farming during the last quarter Century has

grown greatly in Great Britain and her colonies, but the

United States has made far more progress in the art.

Germany, Denmark, and Scandinavia have long paid

much attention to dairying, but conducted on a scientific

basis, it is a comparatively new departure for the Anglo-
Saxon. Dairy schools, literature, exhibitions, and socie-

ties and new and improved implements have all contrib-

uted to progress. In 1877 the centrifugal cream separa-

tor was invented by Lefeldt, and, since then, there have

been introduced wonderful churns, butter-driers, milk-

testers, refrigerators, heaters, and cheese-making appara-

tus. Creameries or butter factories have become common
and almost all of their work is done by machinery, much of

which is operated by steam. From 1840 to 1893 the value

of the dairy products of the United States increased from

$70,000,000 to $435,000,000. The census of 1890 re-

ported an average of eighty-three gallons of milk per

annum for each inhabitant of the United States. The



AGRICULTURE 193

total value of the dairy products of the world is $2,030,-

000,000.

Bee culture has undergone marvelous changes during

this Century of progress and invention. Adjustable

hives, extractors, and comb foundations are among the

aids to raisers of honey. There were over 3,000,000

colonies of bees in this country in 1896.

Agricultural machinery is almost entirely a Nineteenth

Century product, and it is American invention which has

made the marvelous changes which have lightened the

labor of the farmer all over the world. For thousands

of years there was but little improvement in agricultural

implements. The tools for the cultivation of the soil at

the beginning of the Century were but little better than

those in use in the day of the Pharaohs. Indeed, during
the Middle Ages so much that man had formerly possessed
or known was forgotten or lost that it is doubtful if the

period between the revival of learning and the dawn of the

Nineteenth Century had brought things to a state equal to

that in Egypt four thousand years ago. In the first half of

the Eighteenth Century that agricultural genius, Jethro

Tull, applied iron to his plows, but few were the people

who followed his excellent example. His own laborers

rebelled against his innovations and willfully broke his

implements. Early in the Nineteenth Century the plow
used most in the United States had a wooden mold

board, sometimes covered with sheet iron, while the share

was of wrought iron. This was succeeded by the cast

iron plow, which has been gradually developed into an

efficient machine made of greatly lessened weight and

draft and made almost entirely of polished steel. The im-

proved plow of to-day cuts the soil to a depth of several

inches and turns it over, exposing it to the air, thus pulver-

izing and loosening it and fitting it for the reception of seed
VoX. io 13
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and for a vigorous and healthy growth of crops. There

are plows which free rich soil from stone, plows for mak-

ing surface drains, mole-plows which burrow under the

surface without turning a furrow and others for regulat-

ing the depth of furrows. There are also plows which

cut off a thin slice of land for the purpose of killing weeds

and special plows for use on hill sides. Indeed, so infinite

is the variety of modern plows that it is impossible to

enumerate them here.

In 1837 the Royal Agricultural Society of England
offered a prize of 500 for the successful application of

steam to the cultivation of the soil. No successful steam

plow having appeared by 1843, the society's offer was

withdrawn. In 1851 and 1852 a premium of 200 was

offered, but not awarded, although a rotary cultivator,

patented and submitted by John Usher, of Edinburgh,
did fairly good work. The offer was renewed in 1857 and

John Fowler, jr., the only maker who entered for trial,

was awarded the prize. In the meantime, several other

steam plows or cultivators had been patented but, when

in 1858 the Royal Society again offered a prize, it was

Fowler who \von it. Steam plows seem to have been in

general use in England before they were operated to any
extent in the United States, but the first cultivation of

growing crops by steam was carried on in Louisiana in

1871 on a sugar plantation belonging to Effingham
Lawrence.

Axes, scythes, hoes, spades and almost every tool for

manual labor on the farm has been vastly improved by
American ingenuity, but a greater gain has been the sub-

stitution of beast for man in performing farm work and

the frequent application of steam to agricultural machin-

ery. In harvesting, first the sickle gave way to the cradle,

and then the cradle to the reaper drawn by horses, which is,
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on large farms, being in turn superceded by the steam

reaper. For forty years the Royal Agricultural Society of

England offered a prize for the production of a successful

reaping machine, and repeatedly the advent of such a

machine was heralded only to raise hopes doomed to dis-

appointment.

In 1822 Henry Ogle, of Alnwick, England, is said to

have invented the foundation of the mowing and reaping
machines of to-day when he brought forth the finger-bar.

His machine was received with angry prejudice by the

working people, who threatened to kill its manufacturers

if it was not withdrawn. In 1826 the Rev. Patrick Bell

built a machine which was used for a few years and then

discarded. At last, in 1831, Cyrus McCormick, of Vir-

ginia, invented a successful grain harvesting machine,

containing the essential elements of every reaping machine

built from that day to this. It was first successfully oper-

ated on the farm of John Steel e, near Steele's Tavern,

Virginia. Two years later Obed Hussey built a machine

which was much like the McCormick reaper, except that it

had no reel and no divider and no platform on which the

cut grain could accumulate. Both of these machines were

shown in 1851 at the Great Exhibition of the Industry of

All Nations in London. Under the auspices of the Royal

Agricultural Society of England they were tested in the

field and the "Grand Council Medal" was awarded to the

McCormick one, which was referred to by the judges as

being worth to the people of England "the whole cost of

the exposition."

Step by step the reaper was improved. Until 1849 it

was used just as it was for cutting grass, as well as for

harvesting grain, but in that year A. J. Purviance, of

Ohio, obtained patents for inventions which made a more

suitable machine for the double use. The list of inventions
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which made harvesting and mowing machines the perfect

automatons that they are to-day is a long one. Numerous

attachments have been added and reaping machines now
not only cut grain, but gather it and compress it into

bundles, holding it while a mechanical binder draws twine

around it, fastening it securely and discharging sheaf after

sheaf.

The McCormick reaper is to-day used all over the

world, harvesting grain in every civilized country, and

the French Government decorated its inventor with the

Legion of Honor for "having done more for the cause of

agriculture than any living man."

Many interesting stories are told of the difficulties with

which Mr. McCormick had to contend when he was strug-

gling to introduce his machine. The reapers, which he

made in a small blacksmith's shop on his farm, were taken

by team from Rockbridge County, Virginia, across the

Blue Ridge, thence by boat down the James River to Nor-

folk, shipped from Norfolk to New Orleans, again by
river to distributing points in Ohio, Illinois and Missouri.

He had not the means to manufacture the machines at his

own cost, and it was not until he had traveled as an agent

among the farmers of the West and obtained orders for

his machines in four states that a firm in Cincinnati could

be persuaded to undertake their manufacture. Mr. Mc-

Cormick had still to go with his machines to his customers

and, explaining their operation, prove that they would do

their work satisfactorily before the buyers would pay for

them. He perseveringly continued his toil as agent and

instructor until his reapers had won their own way to

popularity and needed no booming.
It is estimated that nearly a million harvesting and

mowing machines together were used in the fields of the

United States during the summer of 1898. Thousands
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of these machines are exported annually, but their chief

beneficiary is the American fanner. It is through their

powerful aid that he has cultivated the great grain fields

of the West and that he is able to compete with the cheap
labor of the old world.

Less than fifty years ago the square-tooth harrow was

universally used, but to-day there is an infinite variety of

harrows, clod-mashers and kindred machines. In 1857
Share's harrow appeared. It was followed by the disk

harrow, the smoothing harrows, spring-tooth and rotary

harrows.

Among the greatest economizers of labor in agricul-

tural machinery are the drills and sowing machines. There

are different sorts for different kinds of seed, and they

deposit the seed in the ground with more exactness and

precision than is possible with the most careful sowing

by hand, the drill being adjusted to measure spaces and

quantities with unfailing regularity ;
whether operated by

hand, horse, or steam the same result is accomplished with

different degrees of speed. Manure distributers take the

place of the disagreeable work with cart and shovel, avoid-

ing all danger of unequal distribution
;
and there are hoes

which can be operated by horse power without injury to

the growing crop; turnip-thinners, which automatically

thin out the rows where the plants are too thick, leaving

tufts growing at the proper distances
; haymakers, which

enable the farmer to make hay while the sun shines faster

than he dreamed of a quarter of a Century ago, scattering-

it so as to expose it to the sun and air, and yet others by

means of which the new mown hay can be cured and dried

without taking the sun into consideration or caring

whether he shines or not. A successful horse-fork

appeared in Pennsylvania in 1848. Since then great

improvements have been made in hay forking' and carry-
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ing machinery, so that the farmer is saved the severe labor

of pitching the hay to the back of the mow by hand. Hay
can be cut, raked, cured, pitched and unloaded by

machinery.
As early as 1858, at a show in England, there were

exhibited over 48 threshing machines, most of which were

worked by steam. Experimental threshing machines

were made as long ago as the first quarter of the

Eighteenth Century, but none that was practical seems to

have appeared until in 1786, when Meikle, of Scotland,

invented one which contained some of the essential fea-

tures of those of to-day, so that with many modifications

and alterations, of course, the complex modern threshing

machine, comprising straw-carriers or elevators, separa-

tors and winnowing apparatus, is a direct evolution of it.

The threshing machine has been carried to such a state

of perfection that it is capable of performing a whole

series of operations, from feeding the grain to delivering,

stacked or sorted and weighed, the straw, grain and chaff.

There are various modifications of the threshing machine,

such as cloverhullers, cornshellers, and other seed sepa-

rators. Some threshers are fixtures in barns or mills, but

as a rule they are portable.

The cotton gin of to-day does not differ substantially

from that invented in 1793 by Eli Whitney.
Steam has revolutionized many agricultural processes,

as it has so many other departments of industry. There

are now hundreds of manufacturers who turn out annually

thousands of farm-engines. The farm-engine is often sta-

tionary, but there are many which can travel from farm

to farm, chief among them being the itinerant threshing-

machine. Steam and water and wind are all used to sup-

ply motive power for numerous operations, such as grind-
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ing feed, sawing wood, shelling corn, cutting fodder,

churning and pumping.

Agriculture has remained, during the Century, as in

all probability it will be for many Centuries to come, the

chief source of livelihood of the world's workers. Mul-

hall estimates that of the 201,640,000 workers in the

world 98,610,000 not far from half are employed in

agriculture. It is interesting to note his figures for 1894,

which show the overwhelming importance of agriculture.

He estimates the number of workers engaged in various

occupations to be as follows :

Grt. Brit. & Ire
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twenty-one acres, the tilled area might be two and one-

half times as great as it is. Mulhall shows that the pro-

duction of food, reducing all kinds to a grain denominator,

is equivalent in the United States to twelve tons, and in

Europe to three tons, per farming hand, which shows

what an enormous waste of labor there is in Europe for

want of improved agricultural machinery. European

peasants undergo more severe toil than the American

farmers, yet four of them produce no more food than one

agricultural hand in the United States.

Mulhall gives the value of farm products of the civ-

ilized world in 1894 as follows (reckoning $5 to the

pound) :

Millions of Dollars.

Grain. Green crops. Meat. Sundries. Total.

Great Britain & Ireland. .$ 250 $ 380 $ 275 $ 245 $ 1,150
Continent 4,005 3,710 1,760 2,200 11,675
United States 1,085 1,345 815 820 4,065
Britain colonies 155 120 95 265 635

Totals $5,495 $5,555 $2,945 $3,530 $17,52$

The farm products of Europe sum up a value of $12,-

825,000,000, or three times as much as those of the United

States, but the former occupy 86,000,000 persons, and the

latter hardly 11,000,000, so that the average product per

hand is three times as great in the United States as in

Europe, as regards value the average as regards food

being four to one, as has been already shown.

From 1840 to 1894, the capital invested in agricul-

ture had increased from $40,085,000,000 to $108,845.-

000,000. All of these increases and, as has been shown,

in the United States especially have been due to

improved methods of agricultural production.

It is only within recent times that the world has awak-

ened to the importance of soicnL'f:i: forestry. In this work

the United States Ins bc ;
n 1

.
": ; : d, the vast tracts of tim-
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her in this country having been regarded as practically

inexhaustible. Yet it is estimated that at the present rate

of cutting forest land the United States cannot long meet

the demand made upon it. By far the greater part of

the white pine has been cut, and vast inroads have been

made into the supply of other timbers. The state of New
Jersey affords a painful illustration of the waste caused

by wanton destruction of forests. Long ago it was "lum-

bered out," yet 2,750,000 acres, or sixty per cent of the

whole land area, are fit for nothing but growing wood.

From a commercial standpoint, as well as because of the

effect of trees on climate and water-flow, men have come

to see that the preservation of the forests and their replen-

ishing is of importance. The decay of Spain, once the

granary of the world, is ascribed by some authorities as

due in part to the destruction of the forests, and that sec-

tions of Asia no longer "flow with milk and honey" as in

biblical times, but furnish havens for hordes of bandits, is

alleged to be due to the same cause.

Forests were disposed of to private individuals in

wasteful fashion in Europe until about fifty years ago,

when the reaction came. In France, since 1870, no sales

have been made, but a policy of increasing forest land has

been pursued and $40,000,000 has been spent for re-forest-

ing dunes and devastated mountain sides. In Prussia,

since 1831, trees have been planted to take the place of

those cut down. Austria began the policy in 1872, and

England inaugurated a reserve forestry scheme in India

in 1873. In America New York has led, having first insti-

tuted a forest commission in 1885, and Maine, New Hamp-
shire, Pennsylvania and Wisconsin have since established

special commissions in charge of the enforcement of for-

estry laws. The President was authorized by act of March

3, 1891, to make public forest reservations, and seventeen
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such, with an area of 17,500,000 acres, were established

in Colorado, New Mexico, California, Arizona, Wyoming,
Washington and Oregon previous to 1897. In February

22, 1897, President Cleveland proclaimed thirteen addi-

tional reserves, comprising 21,379,000 acres. Since then

other reserves have been made.

Arbor Day has been established in forty-four States

and Territories to encourage tree-planting, and in six

States the day is celebrated as a legal holiday, and in five

as holidays in schools. In this way the importance of

forestry has been impressed upon the people.

In 1895 timber was being cut in Europe at the rate of

20,000,000 tons a month, and in the United States at the

rate of 50,000,000 tons a month. It has been estimated

that one billion dollars worth of forest products are con-

sumed annually in the United States, representing nearly

twice the value of the total output of all the mines, quar-

ries, petroleum wells and other mineral products of the

country. Three hundred thousand persons are occupied

in the direct manufacture of forest and saw-mill products.

Forest products have been put to many new uses during the

Century. Tar, pitch, turpentine and oil of tar are more

largely used in the arts. Cedar oil, sassafras oil, and wood

alcohol are employed in the manufacture of paints, soaps,

varnishes, perfumes, and disinfectants. Even paper and

silk are made from wood nowadays, and special processes

convert brushwood into a substance nutritious for feeding

cattle.

A factor of importance to the farmer and a develop-

ment of the latter part of the Nineteenth Century is the

weather bureau, which, established, in nearly every civ-

ilized country, has resulted in saving millions of dollars

worth of farm products, and also has been of great service

to mariners, warning them of impending storms and
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enabling them to save not only their ships, but their lives.

The science of meteorology has reached such an advanced

stage that it is possible for the forecaster to predict the

weather thirty-six hours in advance with dependable

accuracy. The popular impression as to the unreliability

of the weather bureau is due to the fact that the erroneous

predictions attract most attention. As a matter of fact,

the forecaster is right, as statistics show, in eighty-five

cases out of a hundred.

Meteorology, or the science of the weather, is a new

study. Of course, rudimentary myths relating to the

weather have been current since the earliest days, and

farmer's almanacs are nothing new. But these means of

forecasting the weather are not always reliable. The first

instance of the principles of natural philosophy being

brought to bear on the explanation of the complex

phenomena of the weather was in the publication of Dai-

ton's meteorological essays in 1793. Since then meteor-

ology has become more nearly an exact science, successive

discoveries having placed the weather philosophy of the

untutored on a scientific basis. Beginning in 1854,

meteorological reports were collected and sent out daily

by Professor Joseph Henry, of the Smithsonian Institu-

tion. This was made possible by the telegraph, and with

its extension the weather service in various nations began
to improve. The meteorological department of the Eng-
lish Board of Trade was established by Admiral Fitzroy in

1857-

These services were, however, on a small scale, and

were principally for the use of mariners. But with the

development of the science it was thought that a wider

service might be established. Through the efforts of Dr.

I. A. Lapham, of Wisconsin, a resolution officially creat-

ing a weather service for the United States was passed,
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and on November 4, 1870, the first weather bulletins,

based on simultaneous observations, were sent out to

twenty cities from Washington. The work was put in

charge of the Signal Service of the War department, and

Professor Cleveland Abbe originated the present system
of weather forecasts. The popularity and success of the

predictions and their benefit to the farmer led to the bureau

being placed under the direction of the Agricultural

department July i, 1891. The success of the weather

bureau under the Agricultural department has been

phenomenal. In his report for 1895, the Secretary of

Agriculture declares that warnings of cold waves alone

secured from freezing more than $2,275.000 worth of per-

ishable agricultural products, which otherwise would have

been lost. That report has also this to say concerning the

weather bureau : "The possibilities of usefulness to agri-

culture, manufacture and commerce are almost without

limit in the increasing accuracy and capabilities of the

weather bureau. The time is not probably far distant

when its records, warnings and forecasts will be con-

stantly in demand as evidence in the courts of justice and

also by those purposing large investments in certain kinds

of agricultural crops, in perishable fruits, in commercial

ventures, and in manufacturing plants. Weather bureau

forecasts in the not distant future will, no doubt, be con-

sulted and awarded credibility just as thermometers are

to-day. The usefulness of the meteorological branch of

the service, wisely and economically administered, is

beyond computation."

There are now one hundred and fifty fully equipped

stations, located at selected points, over the United States,

where observations are made by mean? of interesting but

intricate instruments. These observations i;rc taken at

the same time each day at each point, and the result tele-
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graphed to Washington and other special stations, where

the predictions are made by a study of the conditions.

This is possible by the scientific study which has been

made of the movements of storms and the conditions by
which they are governed. The forecasts and warnings
are issued to the public by means of maps or bulletins, tele-

phone, telegraph, steam whistle, flag and by the news-

papers. It is a comparatively easy matter to reach people

in cities or towns, but the problem is to extend the

advantages of the weather bureau to those who live in

small villages or remote from any post-office.

Many and varied are the uses to which the forecasts

may be put. If the forecast was for rain on the morrow

it would not be advisable to cut hay to-day; or, on the

other hand, seeding operations might be pushed and

advantage taken of the fact that rain would probably soon

fall on the freshly loosened soil and thereby greatly pro-

mote germination of the seed. In winter the cold wave

warnings are of immense value if the knowledge of the

expected condition is rightly applied, as regards the pro-

tection of perishable products in storage, in transit, or even

the delay of shipment until a more favorable time, in the

care of live stock and in many other ways. If frost has

been predicted the usual precautions can of course be taken

as regards the protection of fruits and vegetables and sen-

sitive plant life of all kinds, bearing in mind that a cover-

ing of straw, a cloud of smoke caused by smudge fires, or

in fact any artificial covering that will tend to prevent free

radiation of heat, will go a long ways toward preventing

serious injury, if any, by frost.



CHEMISTRY

No story in all the "Arabian Nights/' in all the trans-

formations of mystic spell or fairy wand, is half so won-

derful as the history of chemistry for the past one hundred

years. We read of Cinderella's godmother and the white

mice she transformed into milk-white steeds for a fairy

coach scooped out of a pumpkin, but this pales into paltry

insignificance by contrast with the miracles of modern

science. Alchemy of old sought the transmutation of the

metals. Chemistry of to-day turns stones into bread.

The foolish alchemists spent centuries of unceasing toil

in vain search for the elixir of life. The wise chemists take

lifeless clods of earth, and from them evolve myriad things

to delight the eye and to tickle the palate. We ridicule

and pity alchemists in their attempts to turn mercury into

gold, forgetting that our own chemists wrought infinitely

greater magic when they discovered the process whereby
at will they could extract from foul, filthy coal tar all the

colors of the rainbow, and all the sweet perfumes of Araby
the Blest. Modern chemistry, chafing under the restriction

of the laboratory, has gone forth into the highways and

hedges of industry, working magic all along its course.

There is no art and no manufacture, however insignificant,

that has not come under its beneficent influence to a greater

or less extent.

With due consideration for the important and essential

.iitainments of the period immediately preceding, the

Mietccntli Century may justly claim the science of mod-

mistry as its own. Of course, as far back as his-

tory goes certain chemical facts have been known and

206
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various phenomena observed and treated of, and only by
the gradual collection and explanation of such facts has

the broad science of to-day been made possible. Among
the nations of antiquity the Egyptians appear to have pos-

sessed greatest chemical knowledge; they smelted ores,

dyed stuffs, colored glass and preserved the human body
from decay. They were also familiar with medicines and

pigments, soap, beer, vinegar, common salt, vitrol, enamel,

tiles and earthenware. The Chinese also early became

acquainted with the preparation of metallic alloys, proc-

esses for dyeing and for the making of gunpowder, niter,

borax, sulphur, porcelain and paper. The Greeks and

Romans derived what chemical knowledge they had from

the Egyptians and the Phoenicians, but they added little

or nothing to the science. Aristotle, however, advanced

a theory which for Centuries exerted a great influence in

the pursuit of the study. He recognized four elementary
conditions of matter fire, air, earth and water. The

Arabs, when they overran Egypt in the Seventh Century,
imbibed much of this knowledge, which, as a black art,

they carried with them into Spain. It then became known
as alchemy, the chief aim of which was to transmute the

metals and the discovery of the philosopher's stone, the

touch of which would convert mercury into gold, and at

a later period regarded as curing all diseases. The

importance of the Arabs as chemists ceased with the

Twelfth Century, but their charlatanry was carried on

more or less by the European alchemists until the latter

part of the Seventeenth Century, when the first germs of

the real science began to appear in the phlogistic theory of

Stahl and the speculations of Becher.

In 1718 Geoffry brought out the first table of affinities,

and in 1832 the chemical relation of heat and light were

demonstrated by Boerhaave. In 1754-1759 Marggraf
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added alumina and magnesia to the then known earths

lime and silica. He also extracted sugar from plants, and

about the same time Macquer, of Paris, pointed out the

existence of arsenic acid. Hales, in 1724, and Black of

Edinburgh, in 1/56, made important discoveries regarding
air and aeriform bodies, showing that carbonic acid

evolved during fermentation, respiration, and by the action

of acids on chalk, was different from atmospheric air.

About 17/0 Priestley began to announce a number of

important discoveries, among them oxygen, and the ammo-

niacal, hydrochloric, and sulphrous acid gases. Scheele

contributed, in 1773-1786, chlorine, hydrofluoric, prussic,

tartaric and gallic acids, also phosphoric acid from bones.

During the same period, Bergman and Cavendish were

experimenting with gases to the knowledge of which they

materially added. Between 1770 and 1794 Lavoisier

reorganized nearly all of the then known science, and the

system he founded formed a skeleton which the chemists

of the succeeding Century adopted. In 1/87 Berthollet

advanced some important doctrines in regard to affinities,

and made some valuable discoveries in chlorine. Advanced

organic chemistry received an impetus from the researches

of Fourcroy and Vauquelin. Mineral chemistry received

contributions from Klaproth, and the doctrine of com-

bining proportions was promulgated by Richter.

Thus the entire Eighteenth Century may be said to

have been occupied in organizing into the semblance of

legitimate science the dismembered and scattered portions

of knowledge that had been accruing from remote

antiquity down through all the ages of civilization, and

in rejecting and disproving many false doctrines that had

so long obtained.

At the very dawn of the Nineteenth Century the

horizon of chemistry widened immeasurably, and in it
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shone that brilliant galaxy which included the great

Berzelius, Gay-Lussac, Thenard, Brand, Dalton and Sir

Humphrey Davy. In fact, during the early years of the

Century chemistry was the science which more than any
other engrossed men's minds. An international rivalry

for priority took place between Berzelius, the Swede,

Davy, the Cornishman, and Gay-Lussac, the French

savant. An incalculable impetus was given the scientific

movement by the establishment of various periodicals

devoted especially to the publication and criticism of new

discoveries. The Royal Society and the Institute of France

inaugurated the custom of employing many of the great

chemists of the day as lecturers. The enthusiasm that

ensued was boundless.

Among the first of the notable attainments of these

early years was the perfection by Dalton (1766-1844) of

Richter's doctrine of combining proportions. Dalton was

led to the formation of his atomic theory in 1808, by the

observation that when a determined quantity of any sub-

stance unites with different quantities of another sub-

stance, the quantities of the second substance always bear

a simple relation of weight to each other. The elements

Dalton regarded as composed of homogeneous atoms,

each different element having its own specific weight. He
also discovered the law of multiple proportions, and that

the atomic weight of compounds is the sum of the atomic

weights of their constituents. Dalton's theories were at

once admitted into the science, and formed the basis of

innumerable succeeding discoveries. The expansion of

gases, the relations of mixed gases, elasticity of steam and

evaporation were also the subjects of Dalton's experi-

ments, which were at a later date diffused and extended by

Wollaston (1767-1829). In 1812 Brand founded the

Society for the Improvement of Animal Chemistry, with
Vol.. 10 14



210 REMARKABLE ACHIEVEMENTS

a view of extending that branch of the science known as

physiological chemistry. Here was an entirely new

departure.

Most intimately connected with Dalton's atomic theory

was the discovery by Gay-Lussac of the law of combining

volumes, in accordance with which gases unite with each

other. He proved conclusively that chemical compounds
are formed only in a few fixed and definite proportions.

He observed that one volume of oxygen when combined

with two volumes of hydrogen unites in the form of water.

A large proportion of Gay Lussac's researches were in the

field of organic chemistry. His investigation of the

cyanogen compounds gave rise to the idea of organic

radicals. The first really useful apparatus for the analysis

of organic substances was invented by him. The system

for determining the specific gravity of the vapors of sub-

stances, with a view of controlling their analysis, was also

Gay-Lussac's idea. His applications of chemistry to the

arts were of great importance, and his methods of assaying

silver and gunpowder are still in use.

The debt which practical chemistry owes to Sir

Humphrey Davy is incalculable. In his lectures before

the Royal Society and the Institute of France, in 1816, he

especially emphasized the importance of the connection

between science and industry. He was the first to suggest

the application of chemistry to agriculture. The most

notable of Davy's researches were in electro-chemistry.

At the same time that Dalton was working on his atomic

theory, Davy discovered two new elements, sodium and

potassium, the result of decomposing soda and potash by
the electric current. By the same method he also succeeded

in separating metals from the fixed alkalies, potash and

soda, proving them to be metallic oxides. He disproved

the doctrine of Lavoisier, so long: dominant, that all acids
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must contain oxygen. The idea of hydrogen acids was

thus introduced, and substances which contain no acids

admitted to be salts. Davy's researches upon flame and

combustion were especially valuable, leading ultimately to

the discovery of the safety lamp.

Thenard (1777-1857) contributed a vast amount of

knowledge to the science. His division of the metals into

groups, according to their peculiarities at different tem-

peratures in the presence of water, was an important

experiment. To him, also, is due the discovery of the

peroxide and the persulphide of hydrogen, of boron,

hydrofluoric acid and fluoride of boron.

Modern chemistry, in all its branches, probably owes a

greater debt to Berzelius (1779-1848) than to any other

one man. The fruit of his labors is scattered throughout
the entire domain of the science. No chemist has deter-

mined by direct experiment the composition of a greater

number of substances nor has anyone exerted a greater

influence in extending the use of analytical chemistry.

In conjunction with Hisinger he obtained the remarkable

amalgam which mercury forms with what is supposed to

be ammonium. He was the first to use hydrofluoric acid

in the decomposing of. minerals and chlorine in their

analysis. One of the principle services he rendered was the

development of the present theory of the science, and the

introduction of an admirable system of chemical symbols,

which obtained exclusively until 1832. In that year

Dumas, supported by the French school of chemists,

opposed the binary system of Berzelius, and substituted

one which carried out Dalton's atomic theory to its logical

extent. With the new system chemistry assumed a still

more systematic aspect.

Like Davy, Faraday (1791-1867) devoted most of his

researches to developing the relations of electricity to
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chemistry. He extended the idea originally suggested Sy

Davy regarding the identity of electricity and chemical

affinity, both being but different expressions of one and

the same force. His discovery of benzine and his work

upon the liquefaction of chlorine and other gases and upon
various compounds of carbon and chlorine, and of

ammonia and metallic chlorides, have proved invaluable

to the science.

The doctrine of isomerism, which was originated by

Faraday, was taken up and promulgated by Mitscherlich,

f>i Berlin (1794-1863), who discovered the laws of

Isomorphism and diomorphism, in accordance with which

the crystalline forms of certain substances are governed.

Wohler's classic synthesis of urea in 1828, hitherto

known only as an animal product, marked the beginning of

advanced synthetical chemistry. A great and revolution-

ary epoch in the history of the science then began. The

barrier between organic and inorganic bodies was at last

broken down, and the domain of practical chemistry

immeasurably extended. The mere catalogue of what has

been done in organic synthesis would fill a volume. Imme-

diately following Wohler's discovery, Berzelius, Liebig,

Dumas, Laurant, Hofmann, Cahours, Frankland and a

host of others especially devoted themselves to the doctrine

of substitution, and the result was a vast number of new

compounds to which further investigations are constantly

adding. Since then alcohol, grape sugar, acetic acid, vari-

ous essential oils, similar to those of the pear, pineapple,

etc.. have been formed by combining oxygen, hydrogen
and carbonic acid.

The highly complex constitution of various organic

products, albumen, fat, gums, resins, acids, oils, ethers,

etc., is the subject of organic chemistry, the study of which

ha-, within recent vears. led t<> some of the iiv-st marvelous
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and popular discoveries of the age. Coal tar, the waste

product of the gas retort, has proved one of the great bases

for synthetical work. Perkin, in 1858, patented a dye-

stuff, aniline violet, and that dye marks the beginning of an

enormous chemical industry the production of the coal-

tar colors.

The natural coloring materials, which previously had

been the sole resource of the industry and which were

found generally in their natural state in the vegetable king-

dom, were in time supplanted by artificial dyes, converted

from the unpromising black fluid. The first obstacle in

the way of popularizing the coal-tar colors was the great

expense of their production, in consequence of the small

quantities in which the matter, alizarine, is found. Mitsch-

erlich discovered that by acting upon benzine with nitric

and sulphuric acids for the production of nitro-benzole he

could produce a compound from which aniline might be

obtained in large quantities. This change is analogeous to

that of glycerine into nitro-glycerine, but the nitro-benzole

is not explosive. It is an oily liquid with the delightful

odor of almonds, and is used extensively in perfumery
under the name of essence of mirbane.

By the action of reducing agents the oxygen of the

nitro-benzole is replaced by hydrogen, and the result is

aniline. The differentiation of color and the many shades

and gradations of colors are due to chemical reactions

caused by the presence of various acids and bases in the

crude aniline oil. Aniline red, or magenta, was one of the

first colors discovered, and the furor it created upon its

first appearance in the world of fashion is yet vivid in the

recollection of many people. The coloring matter used to

produce this shade is a salt of a base known as rosaniline,

which is formed from aniline oil by a process of oxidation.

The oxidizing agent most commonly used is arsenic acid,
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whose poisonous nature renders it somewhat unsuitable for

this purpose, and there have been frequent cases of poison-

ing attributed to the wearing of garments dyed with this

substance. Taking rosaniline as a basis, most of the other

colors are prepared by the action upon it of various chemi-

cal reagents. By the action of bichromate of potash and

sulphuric acid upon rosaniline aniline, violet is obtained,

and aniline blue is formed by heating rosaniline and aniline

oil together and treating the combined product with hydro-
chloric acid. The greens are formed by the addition of

sulphur, and yellow by the action of nitrous acid upon an

alcoholic solution of rosaniline. Aniline black is in reality

a very deep green, formed by the action of oxidizing agents

upon aniline oil. The bases producing these various dyes

have in turn complicated reactions of their own which

produce the shades and variations of colors almost to

infinity. Practically about a ton and a half of coal is

required to make a pound of rosaniline, but that amount

possesses coloring power sufficient to dye two hundred

pounds of wool.

Besides coloring matter the chemist has made, coat

tar also produces carbolic acid, one of the most powerful

antiseptic agents evolved by modern chemistry. Some
useful dyes are also obtained from it. Its immediate

source is that portion of the distillate known as the light

oils, to secure which the tar oil is subjected to a treatment

of caustic soda, and the mixture violently shaken. As a

result the caustic soda dissolves out the carbolic acid and

the undissolved oils collect on the surface, from which they

can be skimmed off from the alkiline solution underneath.

Neutralization of the soda in the solution takes place with

the addition of sulphuric acid, and the salt thus formed

sinks, while the carbolic acid rises to the surface. So

powerful is this acid when refined and purified that one
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part in five thousand parts of any decomposible animal or

vegetable matter will for months prevent putrefaction.

Through the rapid and steady advance of synthetic

chemistry in recent years the day seems not far distant

when all the food now grown by nature will be prepared

by chemical processes. For many years past synthetic

chemistry has had an eager and jealous eye upon food

making. It has progressed so far already that several

great agricultural industries have been impaired by its

advancement. Compounds and products that were once

obtained solely by plant growth in the fields are now

entirely furnished by the chemical laboratory and by direct

manufacture.

The manufacture of oleomargarine is one of the most

familiar examples of what synthetic chemistry has done in

food making. The attempt to secure a substitute for but-

ter was undertaken in 1869, by Mege-Mouries, at the insti-

gation of the French Government, the purpose being to

secure a cheap product that might be used by the navy and

by the poorer classes. The principal points in Mege-
Mouries' patent were the preparation of margarine oil by
the artificial digestion of fat taken from animals, and the

separation of the stearine, which melts at a high tempera-

ture by pressure. The conglomeration so produced was

then churned into milk, the emulsion being facilitated by
the addition of cow's udder and carbonate of sodium.

The result of the process was a compound which, when

salted and colored, not only bore a close resemblance to the

genuine article, but had almost the same taste and general

properties. Later modifications of this process have

greatly simplified the making of oleomargarine, as it has

come to be called. Cotton seed oil was found to be a valu-

able adjunct to its composition, and numerous improve-
ments have been patented for purifying the animal fats by
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fermentation and by the subsequent use of chemicals. For

cooking purposes the oleomargarine has proved a substi-

tute for butter, but as yet it is impossible for the senti-

mental epicure to accept it for eating purposes in place

of butter, as he claims that there is absent that peculiar

flavor and aroma of the milk product. Laying aside all

sentimental prejudices, however, it has proved a veritable

boon to the poorer classes, and so perfect has its similitude

to the natural article become that stringent laws have been

passed in many states of this country and in Europe, with

reference to its manufacture and sale. In spite of legisla-

tion, however, the manufacture has steadily increased, and

the United States alone produced 42,534,559 pounds in the

year 1896-1897.
In the department of synthetic chemistry, the very

recent experiments of Berthelot, of Paris, have been most

marvelous. He has succeeded in so recombining the fat

acids with glycerine as to produce the original fats, and

he has also caused all the more common mineral and

organic acids to unite with glycerine in a manner precisely

analogous. In fact, Berthelot has been called the foster-

father of synthetic chemistry. To clearly conceive of the

impending changes which seem to be made possible by
Berthelot's researches, it must be remembered that milk,

eggs, flour, meat and indeed all the edibles, consist almost

entirely (the percentage of other elements being very

small) of carbon, hydrogen, oxygen and nitrogen. Berth-

elot has proved conclusively that it is possible to produce

anything from eggs to beefsteak in the laboratory. The

form will be different, but it will be the same identical food,

chemically, digestively and nutritively speaking. To

quote Professor Berthelot in regard to his revolutionary

discoveries :

"One must consider the long evolution which has
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characterized the development of foods and the major part

which chemistry has played therein. The point is thai

from the earliest time we have steadily increased our reli-

ance upon chemistry in food production, and just as stead-

ily diminished our reliance upon nature. Primitive man
ate food and vegetables raw. When he began to

cook, when he first used fire, chemistry made its first intru-

sion upon the sphere of nature. To-day the fire in the

open air has been replaced by the kitchen. Every cook-

ing utensil now used represents some one of the chemical

arts. Stoves, sauce pans and pottery are the results of

chemical industries. So also modern cookery uses an

infinite number of compounds food compounds which,

like sugar, for instance, have been subjected to a

more or less complex chemical treatment in their journey
from the field, in which they grew, to the kitchen, in which

they are used. The ultimate result is clear. Chemistry
has furnished the utensils, it has prepared the foods, and

now it only remains for chemistry to make the foods them-

selves, which, indeed, it has already begun to do."

Artificial eggs have already been produced by synthetic

process, and sugars have recently been made in the labora-

tory. Commerce has taken up the question and a recent

invention has been patented by which sugar can be manu-

factured on a commercial scale, by the combination of two

gases, at a cost of something like one cent per pound. As
the matter appears at present there is no logical reason why
the synthetical manufacture of sugar should not become

in time as important an industry as the making of oleo-

margarine.

There is also a possibility that in time coal-tar may pro-

duce sugar as well as carbolic acid and dye-stuffs. Both

saccharine and dtilcine (either one of which is more than

200 times as sweet as sugar) have been obtained from that
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foul-looking product. The chemists have made several

kinds of sugars that are not known in nature at all. Most
of them are not fermentable, and for that reason are not

digestible. Glucose, though not a synthetic product, is

nevertheless the product of certain chemical actions. It

is obtained alike from the starch of corn and potatoes, the

starch being beaten to a cream and treated to sulphuric

acid and marble dust. Tea and coffee are now made arti-

ficially in the laboratory, and if occasion demanded they
could be produced in commercial quantities. The essential

principle of both stimulants is the same. They are chemi-

cally identical in their constitution, and their essence has

often been made synthetically. Chemists have succeeded

in synthetically producing oil of mustard, which physicians

prefer to the natural product, owing to its greater purity.

They have also manufactured tartaric acid, turpentine and

conine. This last is the poisonous principle of the hem-

lock, and is almost the same as nicotine, the essential prin-

ciple of tobacco. It is thought practicable to convert it

into nicotine, and when this is accomplished any sort of

leaves may be impregnated with the mixture and with cer-

tain flavoring oils, and will doubtless serve as an excellent

substitute for tobacco. The chemists are now able to

counterfeit lactic acid, which is the sour principle of sour

milk. They also make citric acid, which is the sour of the

lemon. A recent achievement of considerable importance
is the manufacture of salicylic acid from carbolic acid.

In nature it is obtained from the wintergreen plant and

from certain varieties of the willow, and it was formerly

very costly. It is now made by the ton and is extremely

cheap. Artificial milk is a hope of the very near future,

as are also edible fats, and meats of all varieties.

The production of artificial musk from coal-tar is a

wonderful triumph of synthetic chemistry. It is likely to
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drive the real article out of the market before long. The

perfumes of nearly all the odorous flowers, due to ethereal

oils, are now produced artificially, and so perfect is the

similitude to the scent of the real perfume that it is impos-
sible to detect the difference. Attar of roses is not yet

produced, but it is in sight. The thereal oil that gives the

rose its peculiar odor is called "rhodonol," and the same

oil is found in lemon grass and in geraniums. The ethereal

oils which give to fruits their delicious flavors are all coun-

terfeited easily, inasmuch as they are very simple chemical

compounds. Already the chemists are manufacturing oil

of banana, oil of raspberry, oil of pineapple, oil of pear and

many others. Oil of bitter almonds has also been counter-

feited, and though chemically different, it has the same

flavor as the real. The methods of manufacturing brandy
and liquors from alcohol and the essential oils are so famil-

iar that they need not be commented on.

Without occupying themselves with the investigation

of the transmutation of metals, chemists have ceased to

ridicule the aspirations of the alchemists, although they

condemn the venal spirit which actuated them. The pos-

sibility of realizing the dreams of the old philosophers h^s

of late, however, been strongly suggested by the discovery

of several remarkable examples of allotropism a tenr.

employed to signify that the same body may exist under

two or more different conditions, possessing distinct physi-

cal and chemical properties. For a long time it had been

known that diamond, charcoal and graphite are, chemi-

cally speaking, identical, but the fact attracted little atten-

tion. The discovery of ozone (allotropic oxygen) by

Schonbein, of Basel, and of red phosphorus by Schrotter,

of Vienna, have set the chemists to thinking, and to experi-

menting.

In 1897 E. Moyat discovered a process of making
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diamonds very small, it is true, but nevertheless real

stones, not imitations. Pulverized coal, iron chips and

liquid carbonic acid were placed in a steel tube and hermeti-

cally sealed. The contents were then subjected to the

action of an electric current by means of two electrodes

introduced into the tube. The iron becoming liquified,

was saturated by the pulverized coal, and the carbonic acid

evaporated, thereby creating an enormous pressure on the

iron and coal. This pressure increases the dissolution of

the coal in the liquid iron. While the mixture is cooling,

crystallization of the carbon takes place, partly in the form

of real diamonds and partly in the form of crystals. The

conglomeration is segregated by dissolving the iron in

muriatic acid, and the morsels of pure diamonds are

extracted.

In 1888 two French chemists, Fremy and Verneuil.

produced rubies precisely similar in color and chemical

composition to the natural stones, and of a size sufficiently

large to be set in jewelry. It being known that the natural

ruby is simply crystallized corundum, or oxide of alum-

inum, with a trace of coloring matter chromium, all that

remained for the Frenchmen to do was to treat ordinary

alumina, containing a little bichromate of potash, with

certain fluorides. The mixture was placed in a crucible

that was kept constantly heated for one week at a tempera-

ture of 2,400 degrees Fahrenheit. After the completion

of the process the rubies adhere to the sides of the crucible.

The largest rubies thus far obtained weigh one-third of

a karat. Their crystalline form, hardness and physical

characteristics are in every respect identical with the

natural stone.

Not content with usurping nature's duties in the pro-

duction of food and gems, chemistry has also undertaken

the manufacture of ice. for which a number of processes
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have been devised. The permanent gases, such as hydro-

gen, or the compound gases, as the air, are forms of matter

which, if subjected to sufficient pressure and cold, become

condensed and liquid. At a temperature of 212 Fahrenheit

steam condenses into water, while ammonia boils at 28^

degrees. By subjecting ammonia to pressure its boiling

point is raised in proportion to the pressure. Hence, by

taking ammonia gas and subjecting it to pressure sufficient

to raise the temperature to a high degree, and by pouring
cold water on the vessel containing the ammonia, the lat-

ter will become liquified. Removing the pressure and

allowing the liquified ammonia to expand, the temperature
falls very rapidly, and as much heat is lost as was added to

it by compression. Numerous inventions, based upon this

principle, are now in use for the commercial production
of ice. The process most widely employed, however, is

that of the expansion of compressed gas, or of vapor cooled

under its compression.

The development of that branch of practical chemistry
termed analysis, and its special application to the detection

of food adulteration is probably of more importance to

humanity than the triumphs of synthesis. The chemist is

now able to determine definitely and exactly the ingredients

of baking powders, flours, wines and liquors, spices, con-

fections, and indeed, any article of food where there is the

slightest possibility of fraudulent substitution. Were it

not for the powers of analysis there would be no protection

whatever against the impositions of synthesis.

In all branches of analytical chemistry constant

improvement has been effected. Gas analysis was per-

fected by Bunsen (i863-'7o). The chemist's balance has

been improved by the labors of Becker. New methods of

attack have been applied. By the electric furnace M.

Moissan was enabled, in 1897, to isolate fluorine, which
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resisted isolation for so many decades. By the utilization

of the electric current rare metallic elements have been

reduced from their compounds. So perfect are the proc-

esses for the analysis of the metals that the practical

assayer does not consider severity-five determinations an

unusual day's work. By a chemical analysis of sea water,

Professor Liverside, of Australia, in 1896, discovered that

it contains from one-half to one grain of gold per ton, or

from 130 to 260 tons per cubic mile, making a total of

about 50,000,000,000 tons for all the oceans of the world.

He also found the same sea water to contain from one to

two grains of silver per ton, the gold existing as a chloride

and the silver as a nitrate.

The influence of chemistry upon the industries and the

arts has been incalculable. The perfection attained in the

manufacture of glass, pottery, tiles and bricks presents a

striking instance in chemical technology. Although glass

of a more or less inferior quality had been made since time

immemorial, not until in comparatively recent years has

it been produced so cheaply as to come into universal use.

For many hundred years it was an article of luxury only,

and a heavy tax was placed upon it. Now the poorest per-

son may use on his table, every day, glassware more beauti-

full than a king could buy not many years ago. Chem-

ically glass is a silicate, or a compound of silicic acid and

various bases. It is formed by fusing common sand with

the carbonates of the alkalies or with the metallic oxides.

Until the nature and properties of the different earths had

become thoroughly understood by the chemists, glass-mak-

ing was a precarious and uncertain undertaking. The

product happened to be clear or dark, hard or brittle in

accordance with the nature of the elements composing it.

By chemical analysis glass-makers are now able to deter-

mine just what sand is best suited to the manufacture of
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each variety of glass. Ordinary window glass is a silicate

of lime and soda, and if silicate of potassium is added plate

glass is produced. Flint glass is a silicate of potassium

and lead. The effect of the lead is to give increased bril-

liancy, and renders it soft and easily cut. A mere trace

of iron in the sand will render the glass dark. Water-

glass is an alkaline silicate. It is readily soluble in water

and is largely used in the arts. To obtain the great refrac-

tive power necessary for lenses and prisms, a large per-

centage of lead is used. Colored glasses are produced by
the chemical action of various metallic oxides which have

been added to the molten materials. The colors produced
are found to vary with the degree of heat employed. All

the colors of the spectrum may be obtained from oxide of

iron; the oxides of cobalt and copper produce the various

shades of blue; oxide of gold, ruby red; oxide of man-

ganese , amethyst; a mixture of copper and iron ore, emer-

ald green; and oxide of uranium, topaz.

The progress of the pottery and brickmaking industries

has been no less phenomenal in the past hundred years.

The making of china is one of the fine arts of the age, and

like the manufacture of glass it has been developed entirely

by the application of chemistry. The same might be said

of brick-making, in which numerous improved processes

have appeared. One of the most notable and recent of

these is the Chambers brick machine, patented in 1887,

which has a capacity of 50,000 bricks per day at a cost

from the clay bank to the shed of only 77 1-4 cents per

thousand.

The utilization of waste is one of the most remarkable

functions of modern chemistry. It is in this that science

shows her truest advance in the recognition and preserva-

tion of trifles, and in seeing them in the importance of their

true relation. One of the most marvelous conquests over
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waste was the conversion of coal tar to commercial pur-

poses, as has already been mentioned. Chemistry allows

practically nothing to be wasted now. Cotton seed, long
the pest of the Southern plantation, is now being con-

verted into oil, fertilizer and fuel. Sawdust and shavings,

looked upon for centuries as absolutely useless, are now
mixed with refuse mineral products and pressed into

bricks, which are light, impervious to water and absolutely

fire-proof. Formerly one-seventh of the coal mined was

crumbled so fine in removing it from the mine that it was

useless. This is now mixed with pitch and made into

bricks that burn with an intense heat and leave no ashes.

The skins and intestines of cattle are transformed into the

well-known and exceedingly useful substance, gelatine,

which is the same as ordinary glue, differing from it only
in purity. Common glue is prepared from the trimmings
of hides, and the refuse of slaughter houses and tanneries.

Gelatine unites with tannin to form an insoluble com-

pound. This reaction is the basis of the tanning process

by which raw hides are converted into leather. Sludge

acid, one of the most offensive wastes known to man, has

been made to produce a most valuable oil. Carbonic acid

gas given at breweries and distilleries during fermentation,

has been an enormous waste. By a process recently pat-

ented it is all now collected and liquefied for commercial

purposes. Slag, the refuse of the puddling furnace, has

proved invaluable in the manufacture of paint, containing

as it does 55 to 70 per cent of pure oxide. The chips of the

marble cathedral on Fifth Avenue, New York, supplied

25,000,000 gallons of soda water, which is itself a concoc-

tion made possible by modern chemistry. The prominent

ingredients in a glass of soda water are marble dust and

sulphuric acid, neither of which is regarded as healthful or

palatable when taken separately, but by the magical art of
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the chemist they unite in the formation of a delicious bev-

erage.

A good indication of the progress that is still being
made in chemistry is the constant discovery of new ele-

ments. Most of these discoveries since 1860 have been

made by the spectroscope, an instrument constructed by
Bunsen in 1859 for chemical research, based on the use of

the prism. In 1860 Bunsen discovered rubidium and

caesium; Crookes, in 1862, discovered thallium; Reich and

Richter, in 1863, indium; Boisbaudran, in 1879, sama-

rium; and in the same year Nilson, scandium, and Cleve,

thulium; Welsbach, in 1885, neodymium and praseodym-

ium; Marignac, in 1886, gadolinium; Winkler, in 1886,

germanium; Ramsay and Rayleigh, in 1894, argon; Ram-

say, 1888 to 1895, helium.

In 1896 a new determination of the relative weights
of hydrogen and oxygen was made with more than ordi-

nary care, and the result is that the atom of oxygen is

15.869 times heavier than the atom of hydrogen. In the

same year a new element, to which the name of lucium

has been given, was discovered.

In 1898 chemical science was enriched by the discov-

ery of three, perhaps four, new elements in the atmos-

phere. On June 9, 1898, Ramsay and Travers discovered

krypton, and a short time afterward, neon and metargon.

Krypton is described as an element heavier than argon,

and less volatile than oxygen or nitrogen; neon, as its

Greek derivation suggests, is an entirely new and un-

familiar element
;
and metargon is closely allied to argon.

The fourth discovery is setherion, a new serial gas detected

by Professor Brush. Its density is only i- 10,000 of

that of oxygen and it has been conjectured that it may
extend indefinitely into space. Ozone has been liquefied,

and the result is a fluid of indigo-blue color. This is very
VOL. 10 15
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remarkable, considering that liquid oxygen, of which it

is but a modified form, is colorless. The density and boil-

ing point of liquid hydrogen was determined in 1898

through the agency of a platinum resistance thermometer,

and helium, one of the most stubborn of elements, was

liquefied by Professor Dewar, of England, in the same

year.

After a thoughtful consideration of the remarkable

achievements of the present Century, it may seem to the

laity that the limit of chemical research has almost been

reached. But the chemist knows that his work is not

done; in fact, it is but commenced. There is an infinity of

problems yet to be solved by the chemists of the future.











PHYSICS

Discoveries in physics have been most far-reaching in

their effects. The truths of nature's laws have been un-

earthed by careful experiment and knowledge of them has

been responsible, more than anything else, for the achieve-

ments of the Century in industry. The physicist investi-

gates the general phenomena of inorganic nature, and

learns the properties of matter and of what they are capa-

ble. This volume is devoted chiefly to a history of the

application of these principles, for all the developments of

the steam-engine and electricity have been made possible

by the discoveries of the physicist, while he has aided every

branch of pure science. Evolution and the theory of the

conservation of energy are reckoned as the two greatest

physical discoveries of the Century. The importance of

evolution has warranted the devoting of a special article to

the subject. The theory of the conservation of energy,

though accounted to be of equal importance, requires less

space for its statement, and the history of its application

finds a place in every chapter devoted to applied science.

Like all great discoveries, it is so simple that the wonder

is that it was not known thousands of years ago, yet it

was a development of the Century, and only during the last

two or three generations has it come to be generally ac-

cepted.

This great law owes its existence to the determination

of the mechanical equivalent of heat, due to the researches

of James Prescott Joule, who, at the age of nineteen, began
to astonish the physicists of his day by the publication of

his researches on the relation between heat and energy and

227
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the final result of these investigations was the discovery

of the law of the conservation of energy. He demon-

strated experimentally in 1840 the law that the "heating
effect of an electrical current is directly proportional to

the square of the current flowing," but these researches

reached their climax when he presented to the Royal

Society his paper "on the calorific effects of magneto-

electricity and on the mechanical value of heat." In this

paper he showed that "an amount of energy equal to 772

foot-pounds will, if communicated to one pound of water,

raise its temperature one degree Fahrenheit." Thus he

showed that there is definite relation between heat and

energy and that a given amount of energy can be converted

into a definite quantity of heat.

Joule was only twenty-five years of age, and scientists

received his discovery with incredulity. They surmised

that this raw country youth was romancing, and refused

to believe that his law was based on exact experiments.

The knowledge of the nature of heat was slight at that

period. Only a few years before heat was believed to be

a form of matter termed phlogoston, whose presence was

supposed to render combustion possible. Not until 1802

had Count Rumford discovered that heat consisted in

motion among particles of matter and supported it by ex-

periments, one of which was the boring of a brass cannon,

the heat developed in which, in 2 1-2 hours, was sufficient

to raise 26 1-2 pounds of water from the freezing to the

boiling point. No loss in weight of the cannon resulting,

he concluded that heat could not be matter, but was due

as we know now, to motion among particles of matter.

Rumford's discovery had only about secured recognition

when Joule advanced his theory which was met with scorn ;

but Sir William Thomson verified his experiments, and

J. Meyer and Von Helmholtz, of Germany, ignorant of his
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youth, accepted the theories after proof, and they became

the basis of the law of the conservation of energy which

has placed Joule's name by the side of Newton in the sci-

entific world.

The law of the conservation of energy teaches that the

exact amount of energy which a force possesses is con-

served (or preserved), even though, losing its original

character, it appear in other forms. Power may be trans-

formed into velocity, so that what is lost in the latter is

gained in the former, and vice versa; or it may be trans-

formed on the same principle into heat. No force is there-

fore destroyed, but only is transformed into some equiva-

lent, capable of doing exactly the same amount of work

which it, unchanged, could have done. The extent of this

principle and its force and application, embracing as it does

the whole phenomena of the universe, is so vast that it is

possible only to give the reader a general notion of it. The

practical importance of the discovery has been summarized

by Sir John tlerschel in these words : "First, in showing
us how to avoid attempting impossibilities. Second,

in securing us from important mistakes in attempt-

ing what is in itself possible, by means either inade-

quate or actually opposed to the end in view. Third, in

enabling us to accomplish our ends in the easiest, shortest,

most economical and effectual manner. Fourth, in induc-

ing us to attempt and enabling us to accomplish, objects

which but for such knowledge we should never have

thought of undertaking."

We are taught then by the principle of the conserva-

tion of energy that force, like matter, is indestructible.

The first thought of the reader might be that this is incredi-

ble, and he might instance the steam engine as a creation

of force, while the lever and the pulley might be cited as

other instances. But it is hoped that the principle will be
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so explained that the reader will understand the real nature

of these contrivances.

Anyone nowadays understands that the various forces

of nature, such as mechanical action, heat, light, electricity,

magnetism and chemical action, are so related that any one

of them can be made to produce all the rest. By Joule's

investigation this teaching was extended until we ascer-

tained as has been verified by repeated experiments
that a given amount of force of one kind would produce
another kind, as that 772 units of work (foot-pounds)

will raise the temperature of water from 32 to 33 Fahren-

heit. In the steam-engine there is an inverse action. Here

heat produces force work. Careful investigation and ex-

periment has shown that after reckoning the amount of

heat generated and subtracting that which is lost by con-

duction, radiation and condensation (an enormous mis-

application of energy) it is always found that for every

772 foot-pounds, a unit of heat has disappeared from the

cylinder. Not only has this relation between heat and

energy been proved definite, but it is known that equally

quantitative relations exist among all other forms of force.

So we can express a definite chemical or electrical action

in terms of work. We also know that quantitative rela-

tions exist between all physical forces, although the exact

equivalents have not been found in some cases, such as

light and vital action.

The amount of energy in the universe is constant.

Some of it may lie dormant, and may be what is known
as potential energy. An example of this may be had by
a man drawing a cross bow. If he pulls the string back

six inches and to do it requires a pull of 50 pounds, he

exerts 50x^=25 units of work. As long as the string

is kept in the notch from which the trigger may release

it, the energy is potential, just as when a ball is dropped
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to the ground the energy remains potential. But when

the trigger is released and an arrow is shot upwards, the

experiment proves that it will rise just as many feet as is

the equivalent of the original energy exerted. If the arrow

weighs 1-4 pound, it will rise exactly 100 feet, making
the work done by it exactly that which has been done

upon it.* While it may have taken a strong man to bend

the bow, it needs only the touch of a child to discharge it.

So when gunpowder explodes, the real source of energy

is not the man, but the separation of carbon atoms from

oxygen atoms, and that has been done by the sun's rays.

The energy was potential before released, but it was none

the less there.

The practical value of this knowledge is enormous.

Thus we know by the principle of conservation of energy
that perpetual motion is impossible, and that no man can

create force any more than he can create matter. And we
also know exactly the amount of energy which we should

obtain from the combustion of a ton of coal, and knowing
this can direct our experiments to reducing the exertion

of that energy in any other direction than the producing
of the kind of work we require from it.

The great principle also teaches us that all the forces

of nature are interdependent, and all have their origin in

the sun. There is no origination on the earth. We learn

that the heat of the sun is cause of all of the energy around

us winds, thunderstorms, water power, waves, rains and

rivers. The inequality of the sun's heat on earth causes

the winds; evaporation causes water power of all kinds -

and that evaporation also produces rivers by transferring

water from the ocean to the mountains. The heat of the

sun supplies the power that enables plants to build up their

* It must be remembered that in this as in all physical experi-
ments the conditions must be perfect. Thus there must be no aid or

hindrance by friction, the force of the wind, etc.
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tissues, and this stored energy is released by the muscular

action of the animals who have fed on the plants.

To James Clerk Maxwell, who with Helmholtz had

been chiefly responsible for the development of and proof

of Joule's principle, the world is indebted for the kinetic

or molecular theory of gases. He read a paper in 1860

at the British Association, in which he declared that gases

consist cf myriads of particles jostling against each other.

The theory is consistent with the experimental laws of

gases, and gives an insight into their behavior when sub-

jected to various physical conditions. The molecules

found by a study in gas are wonderfully minute,

there being some hundreds of trillions in a cubic inch a I:

an ordinary temperature, and these collide with each other

at something like eight thousand million times a second.

Experiment since has shown that any gas may be liquefied

or solidified, and in fact it is now possible to draw no sharp

line between the various forms of matter. All may be con-

verted into gases, liquids or solids. They are all like ice,

which, though solid, may be converted into water and then

from water into its component gases.

Much progress has been made in regard to determin-

ing the nature and property of light. The corpuscular

theory held at the beginning of the Century has given way
to the undulatory theory, which is that light is caused by
vibrations of the luminiferous ether. It is not yet ex-

plained, however, what it is that is moved. The velocity

of light has been determined by the experiments of Fizeau

in 1849 an(l Foucault in 1850 two ingenious Frenchmen

who found that light travels at the rate of from 186,000

to 187,000 miles a second. It has also been found that

color is due to light. With the undulatory theory of light

as a basis, it has been discovered that color is to light what

pitch is to sound. The agent which produces in "iir vi.su::!
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organs the impression of color is therefore not in the ob-

jects, but in the light which falls upon them. The redness

is not in the rose itself, but because the light which falls

upon it contains some rays in which there are movements

that occur just the number of times per second that gives

us the impression we call redness. In short, the color

comes not from the flower, but from the light. If the

reader choose to prove this he may do so by lighting a spirit

lamp, on the wick of which a piece of salt as large as a

pea is placed. Then let him exclude all other light from

the room, and if he brings the red rose to the light he will

see that it appears to be of an ashy hue, with all the

redness missing. Science declares that the fresh green
tints of early summer, and the golden glow of autumn, the

brilliant colors of flowers, insects and of birds, the soft blue

of the cloudless sky, the rosy hues of sunset and of dawn,

the chromatic splendor of gems are all due to light and

to light alone. The shades are caused by the number of

vibrations. If the vibrations of ether are at the rate of

458 trillions in a second, we receive the impression we
call red, if at the rate of 727 trillions, violet, and so on

with the other colors of the spectrum. These discoveries

have been made by the aid of spectrum analysis a most

important physical achievement, of wrhich mention will

be made in the article on astronomy.

Physicists have made many similar discoveries in re-

gard to the properties of matter, and the work they have

done is so vast, and yet of so technical a nature, that it

would not only require many pages to enumerate them,

but it would be tedious to the reader unacquainted with the

fundamental principles of physics, while those with such

knowledge can recall them with ease. In these the physi-

cist has been aided by many delicate machines of his own

contrivance, which are in themselves triumphs of scien-
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tific and inventive genius. One such machine is an instru-

ment perfected by Professor Dayton C. Miller, of Cleve-

land, in January, 1899, which will measure down to the

twentieth-millionth part of an inch, and is used for making
almost infinitesimal measurements of light waves.

Interesting applications of physical principles are to

be found in the work which water and air have been made
to do for us. The value of water power and of wind-

mills was known in the remote antiquities of time, but by
the compression of these two forces many things may be

done which it would be difficult to accomplish otherwise.

The hydraulic press, which depends on the principle that

a pressure exerted on any part of the surface of a liquid

is transmitted undiminished to all parts of the mass and

in all directions, was invented by Braham in 1785, but

many improvements have been made since. The force

which may be brought to bear by means of this machine

upon substances submitted to its action is limited only by
the power of the material of the press to resist the strains

put upon them. In the press a piston passes water-tight

through a strong metal cylinder. A tube leads from the

cylinder to a force pump, and thus water is driven from

the tank into the cavity of the metal cylinder, so as to

force the cylinder upwards. The bale of cotton, or what-

ever other article it may be necessary to compress, is placed
on a table supported by the piston, and the rising of the

tables impresses the object against an entablature sup-

ported by pillars at the top. The hydraulic press, with

modifications, is used for pressing oils from seeds, where

a powerful, steady and easily regulated pressure is required

as well as for pressing more bulky objects. By use

of hydraulic pressure cannons and steam-boilers are

tested, the \vater being forced into them by means of a

force-pump.
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William Armstrong patented his hydraulic crane in

1846, and since then it has come into extensive use,

it being possible to employ a pressure greatly in excess

of that which may be used in the case of steam. These

cranes are so arranged that one man can raise, lower or

swing around the heaviest load with a readiness or ap-

parent ease marvelous to behold. One of the simplest

forms of the hydraulic crane consists of two upright cheeks

between which is fixed a hydraulic ram, occupying the

lower half of the upright frame. The upper end of this

ram carries a pulley, and a similar pulley is affixed to the

upright frame. A chain is secured to the bracket on the

upright frame. This chain passes up over one pulley and

down and under the other pulley, and then over the pulley

on the end of the jib of the crane. The rising and falling

of the ram causes the chain to ascend and descend with

its load. An ingenious device by Armstrong is the accu-

mulator, which acts as a reservoir of power, which is

being always stored into that vessel. The principle of the

hydraulic crane is largely used by elevators, though it is

being supplanted by electricity.

Water engines are sometimes used. They are operated

where water under a high pressure may be obtained, and

are worked on the same principle as the steam engine.

Compressed air is a new force which is coming into

general use, and is regarded by some people as likely to

become a rival to electricity. At present, however, they

have been rather brothers, working side by side in the in-

dustrial field; each can do many things which the other

does, but each has its own field of labor. Electrical energy
can be produced and converted into power with far less

loss than is possible with compressed air, but much more

delicate and expensive appliances are necessary, while ex-

perts must be employed for the use. On the other hand,
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compressed air is a rougher workman. It can be set to

work in swamps and ditches and quarries digging mud,

battering rocks to pieces, and loading or unloading cars,

and the men who handle it may be rough-handed, too.

Although authentic records show that as long ago as

250 B. C, Ctesibius of Alexandria applied the air as the

force for an airgun, yet little progress had been made in

its application until the present Century. Its first real

use as power was on the drills in the famous Mount Cenis

tunnel to which allusion is made in the article in this

volume on engineering. In America the first practical

use to which it was put was on the Hoosac tunnel. These

were the rock drills that have revolutionized the modern

work of quarrying.

One of the most useful applications of compressed air

is the air-brake, invented in 1869 by George Westing-

house, the use of which has reduced the danger of accident

in railroad travel. The present quick-acting air-brake,

known as the Westinghouse, was not constructed until

1887. Compressed air also finds its use in the railway
service in the operation of switches and semaphore sig-

nals; it is used to signal the engineer, ring the bell, to sand

the track, dust the cushions, clean the hangings, raise

water, and it performs many other rougher duties in the

railway machine shops. There are crevices which the

feather-duster would not reach in cleaning cushions, but a

jet of air one-tenth of an inch in diameter will reach every

place and, projected with force, will carry away every par-

ticle of dust.

The principle on which these tools is operated is this :

The air is compressed, and on its release it rushes forth

with great force. Joule calculated in his researches on

the compression of air that, assuming the whole of the

energy was converted into heat, when air was compressed
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under a pressure of 21.5 atmospheres, the mechan-

ical equivalent of heat was 848.24 foot-pounds, and when

the pressure was 10.5 atmospheres was 796.6 foot-pounds.

The work is really done by the steam-engine or another

prime mover in compressing the air. In the construction

of the Mount Cenis tunnel the air was first compressed by
water power and then carried through pipes into the heart

of the tunnel, to work the rock-boring machines.

The same principle as that used in the rock-boring ma-

chine is employed in the little tool with which the dentist

compacts the films of gold-leaf in a tooth. In these ma-

chines the part which holds the actual tool is not operated

directly by the air, but just above it lies a plunger, which

is vibrated back and forward by the air, and this strikes

blows on the head of the working tool when the tool is

pressed back against it. Tools moved in this manner are

used to set up the rivets which hold together steam boilers,

the iron-work of bridges and sky-scrapers, and in many
shops hand-riveting has been abolished by their use.

One of the advantages possessed by tools of this type

is their delicacy. An automatic facing tool used in the

marble and stone-yard will prepare the surface for the

hand-worker, while another takes the place of the mallet

and chisel in fine work. The operator grasps a hand

piece and presses the tool to the face of the stone. Air is

admitted to the plunger in response to his pressure, and

20,000 blows a minute may be struck; while a man cannot

swing a heavy hammer continuously more than thirty

times per minute. A pneumatic breast-drill, weighing 18

pounds, with So pounds air-pressure, will drill a 5-16 inch

hole through cast iron one inch thick in one minute. The
tools are of varying size, and a great shear will cut off

the end of the big steel beams that are used in ships and

buildings as easily as so much tinfoil. Punches and jacks
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worked in this way will do all sorts of things, ^from form-

ing the top of a tin can to putting car wheels on their

axles.

Compressed air operates hoists and traveling cranes

in the foundries. One man in a foundry can lift heavy
loads and place them on a wagon in less time than could

be done by many men employing less modern methods.

The advantage of its use was wel] shown during the ex-

cavating of the great Chicago drainage canal, when fifty

air-compressors were used to excavate the channel 160

feet wide and 35 feet deep, which contained over 12,000,-

ooo cubic yards of solid rock. Those who have witnessed

the operation of these machines have an uncanny feeling

as they see the great drills and hoists worked apparently

without use of motive power the noise and dust of the

steam-engine being absent.

Moving air is able to pick up and carry other things

with ease. An interesting application of this principle was

at the World's Columbian Exposition, when the problem
of painting the huge buildings seemed a Herculean task,

almost impossible of accomplishment. Frank D. Millet

devised a painting machine, by which the great manufac-

tures building was kalsomined inside of a month by a

double-spray machine, which covered 31,500 square feet

of surface a day. The machine is like one of the atom-

izers that women use, but a continuous supply of com-

pressed air is used to squirt the stream of paint. With one

of these machines one man can paint thirty-two coal cars

in a day or one car in fifteen minutes, and not a crack or

crevice of the wood will escape the paint. The artist's

air-brush is an application of the same principle on a

smaller scale. When sharp sand is substituted for paint

in such a machine, the result is a tool which will destroy

the most stubborn of substances, and which is used to
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clean steel ships of barnacles and rust, or to polish great

surfaces.

It is by the aid of compressed air that the foundations

of the great office buildings are sunk, and in wrecking

operations it is used to force out the water from numerous

barrels or bags attached by the divers, thus furnishing

sufficient buoyancy to bring the vessel to the surface. It

is also used for ice-making, and in compressing the bundles

of kindling that are sold at the groceries. It is used in

mixing in breweries, and instead of yeast by some bakers.

Compressed air has reached its greatest development
abroad. It was there that the idea of pneumatic dispatch

originated, it being introduced in 1853, when the force

was used by Latimer Clark to transfer written dispatches

through tubes between two of the stations of the Electric

and International Telegraph Company. Since then its use

has spread until it is used by firms and corporations for

the transfer of small parcels, while nearly every post-

office in an important European capital city is connected

with its sub-stations by pneumatic tubes. During the past

few years, such tubes have been introduced in the post-

offices as a part of the postal system of Boston, New York

and Philadelphia, while it is largely employed in American

shops and offices for intercommunication.

In Paris compressed air is put to the most varied uses.

Victor Popp, of Vienna, who exhibited his processes at

the Paris Exposition, is responsible for its introduction in

the French metropolis on a large scale. His first applica-

tion was to what is now known far and wide as the pneu-
matic clocks of Paris, and of which there are now fully

10,000. He has a factory with four compressors of 2,000

horse-power each, and from this factory compressed air

is conveyed around the city by means of pipes of 1.64 feet

in diameter. The force is used largely to operate electric
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motors. The compressed air attachment may be put into

a space so small that it need not be considered, and it re-

quires no other manipulation than the turning of a stop-

cock. It is applied to printing presses and other machin-

ery in Paris, is used to operate elevators, and for practi-

cally any purpose. The advantage of the system in force

by Popp is the ease of transportation. All that is necessary

is to attach a rubber pipe hose to the stop-cock of the sup-

ply, and this hose may be lengthened by the addition of

other pieces of hose.

Compressed air has bt;en used as a motive power in the

mechanical traction of surface roads for nearly fifty years
in France. From the mid-forties until 1859, a pneumatic

way seized the train from Paris to St. Germain when it

reached a steep grade, and pulled it up the mile and a half

to the latter town in three minutes. As it was called into

use only once during each hour of the daytime, it was final-

ly abandoned on account of the cost. But as various meth-

ods reduced the cost of air-compression by one-half, it

came into more general use. A compressed air motor has

been used since 1879 to propel street railways in Nantes,

and in 1894 compressed air-motors were introduced for

traction purposes on the line from St. Augustin to Vin-

cennes, at the extremity of Paris. There are three or

four other lines near Paris that now use compressed air

as a motive power.
In America compressed air is about to be used for the

motive power of railways. Early in 1899 a plant was built

for the use of the Twenty-eighth and Twenty-ninth Street

lines of the Metropolitan Street Railway Company, of

Xew York, and, if successful, the company will probably
cxt ?n<I it. Engineers believe that the cable and trolley may
l>e superseded by the new fore.?. The locomotive must be

charged, as is the case with the so-called storage battery
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of the electrician, but a charge will propel a vehicle for

from fifteen to twenty-five miles. The cost is less than

a cent a mile for power sufficient to carry a weight of ten

tons up a five per cent grade. So great a charge is ren-

dered possible by the construction of air chambers of ex-

treme strength. Early in 1899 experiments in the use of

compressed air were made by the New York Central Rail-

road. In addition to greater speed and economy, superior

advantages to the steam-engine are claimed for it in the

retention of power, and in the even and regular manner

in which the power is freed. With the compressed air

engine a speed of sixty miles for one hour is quite as easy

as a speed of twenty miles an hour for three hours.

With the end of the Nineteenth Century, and the dawn

of the Twentieth, has come the discovery of a new force,

more marvelous in its possibilities than either steam or

electricity, although as yet it has been put to no practical

use. Its development will probably be the work of the

Twentieth Century, just as the Nineteenth Century has

perfected and applied discoveries of the Eighteenth. Who
can imagine what wondrous stories the historian of the

achievements of the Twentieth Century may have to tell

of liquefied air? That air might be liquefied if the tem-

perature were made low enough has been known to chem-

ists and scientists for years. As long ago as December

and January, 1877-78 air was liquefied by Raoul Pictet,

of Geneva, and by Calletet, of Paris, while on June 5, 1885,

Professor James Dewar exhibited liquid air obtained at

a temperature of 316 degrees below zero, Fahrenheit, be-

fore the Royal Institution, London. But the possibilities

of its commercial use were not conceived until twenty years

later. In March, 1897, a mysterious explosion occurred

at the Endicott Hotel, in New York, which, being inquired

into, developed the fact that Professor Tripler, of that
Vor,. 10 16
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place, had been experimenting with the new force for

several years, with a view to its manufacture upon a scale

and at a price which would allow of its use for practical

purposes. Almost simultaneously, Professor Linde, of

Berlin, announced that he had succeeded in producing

liquefied air at a cost which would allow of its use as a

motive power for engines of different kinds.

The two methods are prohably similar, although Mr.

Tripler has not made public either his method of produc-

ing the air, nor its cost, as he has organized a company
which he hopes will secure a monopoly of the new force.

Professor Linde makes no secret of his process, and states

the cost as 10 pfennigs (2 1-4 cents) for five cubic metres.

Consul-General DeKay, in a report to the state depart-

ment, dated Berlin, March 1 1, 1897, describes the machine

which he uses as a most ingenious piece of mechanism,
which yields the product either in fluid or gaseous form,

as may be desired. Its most striking feature is its economy
of working, since, once charged, the machine uses the air

of the surrounding atmosphere to produce liquid air, and

so goes on working indefinitely, without expense for fresh

fuel. After the pump has been in operation for a certain

length of time, the operator turns a cock ai:.' the liquid

air runs out at a temperature of 273 degrees below zero.

In Professor Linde's method an air-pump of five horse-

power condenses air to a pressure of 200 atmospheres
This air passes down a spiral tube and is let out into a

chamber, producing intense cold; then it rises, and, pass-

ing on the outside of the same tube through which it was

conducted, bathes it and cools the fresh supply of air which

has been pumped into the tube to take its place. This air,

thus cooled, follows down into the chamber, and, expand-

ing again, lowers its atmosphere, then pisses up around the

same spiral tube; but as its temperature has become much
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lower, the new air now in the tube is still further refriger-

ated. This circulating process is repeated again and again,

until the new air pumped into the tubes reaches a tempera-

ture of 273 degrees below zero, when it drops into the

chamber as a liquid. Thus the air, steadily cooled, is made

to refrigerate the newly pumped air more and more, until

the necessary degree of cold for liquefaction is attained.

For transportation the liquid air can be packed in a

tin can, and sent to any distance when protected by a thick-

layer of felt. All that seems necessary is to preserve it

from the surrounding atmosphere, as is done with any
other ice. There is no danger in handling it, provided it

is kept away from fire and the expanding gases are allowed

to escape. For this purpose Professor Tripler places felt

over the mouth of the can, which keeps out the air, with-

out confining the gases. It can be ladled out with an

ordinary tin dipper; but if the dipper, while in use, is lei:

fall, it will shatter like thin glass, the intensity of cold

rendering iron and steel extremely brittle. Neither cop-

per, aluminum, silver, gold nor platinum are so affected.

Fortunately, leather is not affected either, and so can be

used for valves. Rubber, however, in contact with it, be-

comes as fragile as porcelain. If a tumbler is filled with

the liquid air, it will boil hard, and in half an hour will

evaporate completely, leaving the tumbler coated with

frost. But if the air is placed in a glass bulb, and the bull)

set in a larger one, with half an inch vacuum between the

two, so that the fluid is protected from the air outside, it

vaporizes very slowly, and the tumblerful will last for

several hours. In one of Professor Tripler's public experi-

ments, he partly fills a teakettle with the liquid, and pours
a few ounces of water upon it. Instantly the kettle bub-

bles and boils over, sending up from the spout a long

jet of steam, mingled with a spray of spurting drops. The

water is frozen hard almost ns sonn as it touches the Iv-pnM



244 REMARKABLE ACHIEVEMENTS

air, and if the kettle be turned upside down, lumps of ice

fall out, hard-frozen and as dry as chalk. Power enough
has been generated in the process to run an engine.

The value of the liquid for refrigerating purposes can

hardly be overestimated. Meat may be frozen so hard

by its use that it rings like metal when struck with a ham-

mer, and may be pounded into powder. Mercury may be

frozen into a solid bar, as hard as iron, and so cold that

to touch it will blister the flesh. Indeed, nothing has yet

been found which will not freeze by contact with it, and

Mr. Tripler predicts that it is destined to supersede frozen

water for this purpose. Liquid air furnishes a clean, dry

cold, which produces no dampness, and renders the trans-

portation of meats, fruit, etc., to any distance an easy

matter. In a large hotel, where the liquid air is used as

the motive power for driving the dynamos and running
the elevators, it might be made to serve for all kinds of

refrigeration. Its discoverers claim that by its use it is

quite as easy to cool a house in summer as to heat it in

winter, and much less expensive, while the gas produced
would purify the air, being equivalent to the purest moun-

tain air. The temperature of an hospital ward could at

any time be lowered, even in the tropics, to any desired

degree, and in cases of yellow fever the ''white gift of the

frost" might be had at any moment. It can be handled

as a motive force with perfect safety, in an ordinary

engine, without requiring the intense heat which makes

the duties of the engineers and stokers, on an ocean steam-

er, so arduous, and in submarine boats the motor itself

would, in place of exhausting the air, furnish all that was

needed for healthy respiration. Moreover, it is claimed

that it will render the problem of aerial navigation a simple

one, since all that is needed is a motor, strong, light in

weight, and safe. Indeed, if one-tenth of what is claimed

for the new force 1-c iriie. its p.'!l>ilitie? are revolutionary.
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The establishment of the theory of evolution is gener-

ally conceded to be the scientific achievement of the age.

It is the natural outcome of modern scientific research and

speculation, proceeding as it does from the rapid advance

of the physical sciences. Evolution has been defined as a

natural history of cosmos including organic beings, ex-

pressed in physical terms as a mechanical process.

Primarily evolution is the act of enfolding or unrolling

or, in the process of growth, development, as of a flower

from a bud or of a bird from an egg. But the term has

grown to have other and much larger meanings. It is

applied to a system which undertakes to explain the exist-

ence of all things inorganic and organic, physical and psy-

chical, including the arts and institutions.

Dim foreshadowings of a theory of evolution were put
forth by the early Greek philosophers. Anaximander,

Empedocles and Anaxagoras are credited with having

caught faint glimmerings of the truth, and it has been

maintained that Aristotle, the father of natural history,

held opinions as to the causes of diversity in organic beings

not unlike those entertained by the geologists of to-day.

However this may be, in the long ages between the days
of these speculative Greeks and modern times, there was

no development of the theory anticipated by them.

In the Eighteenth Century Linnaeus and Buffon

formed conceptions of a progressive organic development,
but did little to throw light on the idea. Immanuel Kant,
in I755> published a theory of the mechanical origin of the

universe, which was a true nebular cosmogony. Dr.

245
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Erasmus Darwin, the grandfather of Charles Darwin,

about 1794, put forth remarkable suggestions pointing to

evolution, and the poet Goethe evidently believed evolu-

tion to have occurred in the organic world. LaPlace, in

1796, published his "Exposition du Systeme du Monde,"
in which in a footnote appears his celebrated "nebular

hypothesis." But his explanation of his views as to the

evolution of the stellar universe and solar and planetary

systems belongs to the Nineteenth Century. Thus it was

not until this Century that a definite statement of the the-

ory of Evolution appeared. In 1809, Lamarck published
his "Philosophic Zoologique," and in 1815 his "Histoire

Naturelle des Animaux sans Vetebres." In these he

framed a distinct hypothesis of the progressive develop-

ment of animals and plants, setting it forth with an elab-

orate exposition. Like conclusions were drawn by Geof-

frey Saint-Hillaire in his work "Sur le principe de 1'unite

de composition organique," which appeared in 1828. But

the theory of evolution gained few converts. Between the

"'Philosophic Zcolcgique" and the "Origin of the Species"

only one volume was devoted entirely to evolution. This

was the "Vestiges of the Natural History of Creation,"

which was published anonymously in England in 1844.

Yet in the interval botanists, embryologists and geologists

were approaching the theory which astronomy had done

so much to prepare men's minds to receive.

The authorship of "Vestiges" is attributed to Robert

Chambers. Adopting the Nebular Hypothesis, he passes

in review the development of stars and solar systems, pre-

senting a scholarly and skillful exposition of a whole phil-

cs"]'l:y of cosmic evolution. After outlining the geologi-

cal history of the earth, lie treats of the origin of life from

inorganic ir.r.tlcr : nd the development of the animal king-

dom through many stages to man, adopting the Aristotelian
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idea of an internal impulse or tendency towards progres-

sion. With much care he shows the reasonableness of his

view, arguing that it agrees much better with the known

facts of nature in every department of her work than does

the idea of a special creation of each distinct species of

plant and animal. The book made a great sensation, not

unlike that which greeted ''The Origin of the Species,"

fifteen years later. Four editions were issued in the first

seven months, and, in nine years, ten editions were ex-

hausted. By 1860 about 24,000 copies were sold.

Early in the Eighteenth Century Linnreus had an-

nounced the result of his study of the stamens and pistils

of plants, and by his sexual system opened a new era in

the history of botany. He divided plants into sexual and

asexual, the former being Phanerogamous or flowering,

and the latter Cryptogamous or flowerless. But Linnaeus

paid little attention to the functions of plants, and did not

advance the study of the embryogenic process. His fol-

lowers busied themselves with classifying and describing.

These branches of botany made great strides and, during
the early years of the present Century, the "natural sys-

tem" gradually displaced the "artificial system" of Lin-

naeus. The opening up of America, Australia, South

Africa and New Zealand to naturalists gave them vast

treasures to classify and arrange, and so fully occupied
their attention, that it is little to be wondered at that the

physiological study of plants was comparatively neglected.

In 1815 Trevirnanus called the attention of botanists to

the embryo, and in 1823 Amici discovered the existence

of pollen tubes. Brogniart and Brown followed in their

footsteps, Brown tracing the tubes as far as the nucleus

of the ovule. These discoveries laid the foundation of the

present science of the embriology of plants.

Robert Brown, Sir William Hooker, John Lindley, and
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George Bentham are among those who did so much to

establish the natural system of classification. In 1830 ap-

peared Lindley's "Introduction to the Natural System cf

Botany." Sir William Hooker was the author of sev-

eral works dealing with cryptogamic plants. This inves-

tigation was of peculiar importance, for among the various

mosses, ferns and other plants described collectively as

"cryptogamic" were numerous types showing intermediate

structures bridging over gulfs of difference in organiza-
tion which might well be thought impassable. Such discov-

eries were of much value in paving the way for biological

evolution.

The man who did more than any other geologist 1 >

further the doctrine of evolution was Charles Lyell. In

the first part of the Century it was maintained that tlvj

earth had undergone a series of catastrophes and revolu-

tions, through the agency of which mountain and va!.;

strata and rock had been formed. As late as 1830 Cuvicv'.-

"Essay on the Theory of the Earth" was the accept o I

authority on geology, and it was generally believed th: 1

.';,

as he taught, mountain peaks and ridges "are indications

of the violent manner in which they have been elevated."

"It is in vain," announced this apostle of the catastrophic.

"we search among the powers which now act at the sur-

face of the earth for causes sufficient to produce the revolu-

tions and catastrophes, the traces of which are exhibited

in its crust." Thus it was believed that the "revolutions

and catastrophes" had been extremely violent, perhaps

fatal to all organic life on the globe, and followed by ne\v

exercise of creative force. In 1830 appeared the first

volume of Lyell's "Principles of Geology," a work which

undermined the very foundation of the catastrophe the-

ory. Clearly and convincingly the author showed that the

position of Cuvier and his followers was wholly untenable
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when viewed in the light of the facts of nature. The most

ancient formations of the earth were proved to have been

formed, ages ago, in the same way and by means of the

same physical agencies that are at work to-day.

The views of evolutionists were placed on a scientific

basis by the patient labors of biologists, who applied them-

selves to the question of the mutability or immutability

of species and the extent of variation, as shown by observa-

tion. There was a sort of scientific dogma to the effect

that species were immutable and, as no tenable account

of transmutation was put forward, naturalists refused to

relinquish it.

In 1858, two essays were read before the Linnsean

Society, one by Charles Darwin, entitled, "On the Ten-

dency of Species to Form Varieties, and on the Perpetua-

tion of Species and Varieties by Means of Natural Selec-

tion," and the other by Alfred Russell Wallace, entitled,

"On the Tendency of Varieties to Depart from the Orig-
inal Type." Although these two papers setting forth the

same discovery were given to the world at the same time,

to Darwin belonged the prior claim. Through years he

had been perfecting his theory of Natural Selection. A
voyage around the world on the "Beagle," with Captain

Fitz-Roy's expedition (1831-1836) gave him remarkable

opportunities for pursuing his investigations in natural

history, the love for natural history being in his case

innate.

He says : "During the voyage of the 'Beagle' I had been

deeply impressed by discovering in the Pampean forma-

tion great fossil animals covered with armor like that

on the existing armadillos; secondly, by the manner in

which closely allied animals replace one another in pro-

ceeding southwards over the continent
; and, thirdly, by the

South American character of most of the productions of
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the Galapagos Archipelago, and more especially by the

manner in which they differ slightly on each island of the

group, none of the islands appearing to be very ancient

in a geological sense. It was evident that such facts as

these, as well as many others, could only be explained on

the supposition that species gradually became modified;

and the subject haunted me. But it wras equally evident

that 'none of the evolutionary theories then current in the

world' could account for the innumerable cases in which

organisms of every kind are beautifully adapted to their

habits of life. . . . I had always been much struck

by such adaptations, and until these could be explained,

it seemed to me almost useless to endeavor to prove by
indirect evidence that species have been modified."

This was the starting point. Soon after his return

from the voyage Darwin opened, as he says, "his first note-

book for facts in relation to the origin of the species, about

which I had long reflected, and never ceased working for

the next twenty years." By "printed inquiries, by con-

versations with skillful breeders and gardeners, and by
extensive reading," he collected facts, seeming to know

intuitively what was necessary to the solving of the prob-

lem. Stock breeders were more or less consciously, by

selection, improving the domesticated animals and form-

ing new races. Nature must by "selection" form new spe-

cies, but how did such selection become possible?

"In October, 1838, that is, fifteen months after I had

begun my systematic inquiry," says Darwin, "I happened
to read for amusement 'Malthus on Population,' and, be-

ing well prepared to appreciate the struggle for existence

vvhich everywhere goes on, from long continued observa-

tions of the habits of plants and animals, it at once struck

me that under these circumstances favorable varieties

would tend to be preserved and unfavorable ones
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destroyed. The result of this would be the formation of

new species."

Although he now had the clue to the whole subject,

not until 1842 did he allow himself to sketch his theory.

In the meantime he accumulated pertinent facts with pa-

tience and industry, working on the true Baconian prin-

ciple. In 1842 he made a brief sketch of his theory, elab-

orating it two years later into an essay of 230 pages. He
showed this sketch to Lyell, Hooker and others, but still

did not make known to the world his discoveries and con-

clusions. A letter to his wife, written at this time, charges

her, in case he should die, to devote 400 to publishing the

essay. But it was long before Darwin, living, was ready

to publish it. From 1846 to 1854 he busied himself with

preparing an extensive monograph on recent and fossil

cirripedes, but in 1856 he began to write out on a large

scale a work dealing with the origin of the species. He
was interrupted by the arrival of a paper from Alfred Rus-

sel Wallace who, far away in the Malay Archipelago, had

solved independently the problem to which his friend Dar-

win was devoting so much attention.

In 1855 there had appeared an article by Wallace, "On
the Law Which Has Regulated the Introduction of New

Species." He had deduced the law or generalization that

"Every species has come into existence coincident both

in Space and Time with a pre-existing closely allied Spe-

cies," and showed that much was explained by this hy-

pothesis, and that no important facts contradicted it.

Three years later, while ill with intermittent fever, he fell

to considering the problem of the origin of species. He
had read "Malthus on Population" about ten years before,

and, recollecting what this author said about the "positive

checks" war, disease, accident, famine, etc., which have

the effect of keeping savage populations nearly stationary,
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it flashed upon him that kindred checks must act upon

animals, since they increase so rapidly that otherwise their

numbers soon would be immense, instead of there being
but little variation from year to year. Vaguely pondering
en the matter in the intervals of the fever, then came, as

if by inspiration, the idea of the survival of the fittest

that it must be the weak that perish, while the strongest

and best survive. As soon as he was able, Wallace

sketched out this theory and sent it by the next post to

Darwin.

But for the persuasions of his friends, Hooker and

Lyell, Darwin would have generously published Wallace's

freshly completed manuscripts, holding back his own, the

fruit of so many years of patient investigation and

thought. But, yielding to solicitation, "in the interests of

science," he accompanied Wallace's essay with one of his

own, and the joint communication was read before the

society. Thus was the theory of the survival of the fit-

test, or of Natural Selection, given to the world.

Before this there had been anticipations of the theory,

but they had attracted little attention, and do not seem to

have come to the notice of either Wallace or Darwin. The

latter, in after years, made a collection of these expressions

of thought, giving full credit where credit was clue. In

1813 Dr. W. C. Wells read a paper before the London

Royal Society, entitled "An Account of a White Female,

Part of Whose Skin Resembles That of a Negro." In

this he recognizes the principle of Natural Selection as

applied to the races of men. In 1831 Patrick Matthew

published a work called "Naval Timber and Arboricul-

ture." In the appendix was a brief statement of a theory

of the origin of the species, of which Darwin says : "The

difference of Mr. Matthew's views from mine are not of

much importance," and, 'Tie clearly saw the full force of
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the principle of Natural Selection." Not contented with

this generous acknowledgment of his work, Matthew is

said to have gotten out an edition of his book bearing on

the title page, after his name, "Discoverer of the Principle

of Natural Selection." As Darwin whimsically says, he

may be excused for not discovering a theory of Natural

Selection in a work on naval timber. In 1822 the Rever-

end William Herbert, afterwards dean of Westminster,

advanced the opinion that "botanical species are only a

higher and more permanent class of varieties," and that

the same fact is true of animals. Others who expressed

views pointing to Natural Selection are Leopold von Buch

in 1825, Professor Grant, of Edinburgh, in 1825, Karl

Ernst von Baer, in 1828, J. d'Omalius d'Halloy, of Brus-

sels, in 1846, Isidore Geoffrey Saint-Hillaire, in 1850,

Franz Unger, in 1852, and Charles Naudin and Herbert

Spencer, also in 1852.

On November 24, 1859, Darwin's "Origin of the Spe-
cies" appeared "an epoch-making book," it is justly

called. Its full title is "The Origin of Species by Means

of Natural Selection; or the Preservation of Favoured

Races in the Struggle for Life." It was received by an

outburst of antagonism, and controversy, both scientific

and popular, at once began. A month before its publica-

tion, Darwin had written to Hooker, "I remember think-

ing, above a year ago, that if I ever lived to see Lyell,

yourself, and Huxley come around, partly by my book and

partly by their own reflections, I should feel that the sub-

ject is safe, and all the world might rail, but that ultimate-

ly the theory of Natural Selection (though, no doubt, im-

perfect in its present condition, and embracing many
errors) would prevail."

Lyell, Hooker and Huxley all "came round." Said

Huxley, voicing the sentiment of scientists like himself:
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"That which we were looking for and could not find

till Darwin and Wallace published their views, was a hy-

pothesis respecting the origin of known organic forms,

which involved the operation of no causes but such as

could be proved actually at work The 'Origin'

provided us with the working hypothesis we sought."

So simple was the solution, the key to the "long sought

hypothesis," that after mastering it, Huxley exclaimed:

"How extremely stupid not to have thought of that be-

fore." Huxley's acceptance and advocacy of Darwin's

theory did much to influence the public and advance popu-
lar opinion. That Darwin appreciated Huxley's indorse-

ment of his work is shown by what he said after his adop-
tion of the theory. "Like a good Catholic who has re-

ceived extreme unction, I can now sing 'mine Dimittis.'
'

Seven years before the appearance of the "Origin of

Species," Herbert Spencer published a skillful and logical

essay contrasting the creation and development theories,

removing from evolution much of its former vagueness.

In 1855, three years before Darwin's and Wallace's essays

were read before the Linnsean Society, appeared his "Prin-

ciples of Psychology," which is based on the theory of

evolution. Darwin, Wallace, Spencer, Huxley and Tyn-
dall are called the five great apostles of evolution. Their

services to the establishment of the theory were performed
in essentially different ways, although Wallace's work, in

many respects, resembled that of Darwin. Darwin was an

indefatigable collector of facts, with an infinite capacity

for taking pains. Little by little he collected data from

which might be deduced logically and connectedly the

laws and generalizations which he sought. We have seen

this in the patience and unwearying labor with which

through years he verified his conclusions in biological

evolution. Not content with confining himself to the col-



EVOLUTION 255

lection of facts testifying to the truth of biological evolu-

tion, Wallace was a self-constituted champion of evolu-

tion as a whole, valiantly defending it against the attacks

of conservatism, making use of his acquaintance with

geological phenomena, appreciating the confirmatory evi-

dence found in every field of exploration, and anticipating

the new psychology.

Spencer brought to the battle-ground a true philosophi-

cal mind and a fund of information justly characterized

by John Stuart Mill as "encyclopaedic." Gifted with a re-

markable power of analysis, a vivid grasp of far-reaching

principles, and independence of opinion, Spencer con-

structed a philosophy of evolution built on a solid basis

and covering all things both concrete and abstract.

Huxley was not so broad-minded as his co-laborers,

being dogmatic and singularly lacking in spiritual im-

agination. But he lived up to his creed of "veracity of

thought," and never hesitated to avow unpopular conclu-

sions if convinced of their truth.

Tyndall was the orator and physicist of evolution. An
Irishman, he was born with intense imagination, a fiery

zeal and an eloquent tongue. When Darwin announced

his discovery of the cardinal truth of organic evolution,

Tyndall championed the cause with all his eloquence and

zeal at a time when his support was of especial value, for

his brother physicists were standing aloof, as though the

question of evolution were no wider in its scope than that

of the famous one over which its battle was first fought
the origin of species. With his scientific knowledge

Tyndall combined the ability to speak and write plainly

to the general public. He was the interpreter of the laws

of light and heat and other physical and chemical phe-

nomena, revealing their mysteries to the non-scientific

world. His imagination emphasized the spiritual side of
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his nature and led him to place a value on the unseen which

was not felt by Huxley.
We have seen how the term evolution, as used to-day,

has two significations, one the widely philosophical,

embracing the whole cosmical process, and the other, that

of the biologist, expressing the development of organic

life. Herbert Spencer, to whom we owe the modern use

of the word evolution, insists on a distinction, applying
"evolution" to the all-embracing philosophy and "develop-

ment" to biological processes. Besides his use of "evolu-

tion" we are indebted to Spencer for the happy phrase

"survival of the fittest," which Darwin adopted and some-

times used as an alternative for his own expression,

"Natural Selection."

It will be well to review briefly what the theory and

practice of evolution have revealed in various sciences.

In astronomy, the oldest of the sciences, instead of the

fixed systems of bygone ages, evolution presents the beau-

tiful nebular hypothesis with its suns and worlds begin-

ning, continuing, disintegrating in the infinitude of space

exactly as they have been doing through aeons of time.

The astronomer watches these vast phenomena and knows

he beholds embryonic, existing or dying stars or planets all

conforming to physical laws which govern equally stars

and atoms. The meteoric hypothesis, which has been

revived by Lockyer of late years, substitutes diffused solid

meteoric matter at first without heat for the gaseous

nebulae of Laplace's hypothesis, and assumes that the heav-

enly bodies have been formed from the condensations of

meteoric clouds; but from a mechanical point of view,

if this were true, the evolution of the universe would have

taken place very much as though the beginning were gas-

eous nebulae.

Geology takes our planet and shows how, through
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millions of years, through gradual and natural agencies,

sea and land, mountain and valley, strata and rocks, gravel
and clay have been formed; how fire and water and ice

performed their part in this wonderful world making; and

how kindred processes are going on all around us. She

proves that life has existed on the earth for untold ages,

exhibiting relics of organic beings buried in rocky layers

several miles in thickness. In the lowest strata traces of

only the lowest types of life are found. Gradually the

fossils of higher forms appear. Fishes follow inverte-

brates, amphibious animals come after fishes, reptiles suc-

ceed mammals and last of all appears man.

Biology studies these fossil forms and finds that the

law of growth is from low to high and from simple to

complex in accordance with the general principle of evo-

lution.

When classified by the taxonomist all the plant and

animal life of the globe resembles a great genealogical tree

branching out into infinite ramifications, and it is no

insignificant confirmation of the theory of evolution to

observe how some fresh light is thrown upon each

ramification that has been developed, by each new fossil

which is discovered. It is interesting to note that from

1831 to 1 88 1 the number of animals known and described

increased from 70,000 to 320,000. At the time of Lin-

naeus' death only 11,800 species of plants were known;
now the number cannot fall short of 100,000.

The study of function has familiarized the student with

the phenomena of sex and embryology, of heredity and

environment showing the countless modifications under-

gone and "the continuous adjustment of internal relations

to external relations." It was not until after Darwin's

theory of the origin of species and of natural selection had

been accepted in its extreme conclusion by Huxley, Spen-
Voi,. 10 17
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cer, Lyell, Lubbock, Rolle, Haeckel, Canestrini, Francesco,

and others that Darwin published "The Descent of Man in

Relation to sex." In America Asa Gray was one of the

first to support Darwin's theory.

Gathering data from every available source, studying

the adult as well as the infant mind, the mind diseased and

the mind in perfect health, the psychology of to-day, tenta-

tive and speculative though it may be, shows that its phe-

nomena are governed by the same laws as the concrete

world. The psychologists find the same difficulty in bridg-

ing over the gulf between the psychic and the physical life

and functions that biologists have in deriving the organic

from the inorganic. But Herbert Spencer has demon-

strated that the preliminary sciences of physics and biology

furnish many suggestions for the study of psychology.

Anthropology shows man developing from a rude and

untutored savage, covered with fur, with canine teeth, and

bestial habits, living on ra\v meat and uncooked roots

which he dug from the earth with his hands, hiding from

his enemies in a cave or roosting in a hollow tree, with no

language save inarticulate cries of rage, pain or passion,

a creature compared to whom the bushman of South

Africa or Digger Indian of the West is a civilized human

being. It shows the gradual growth of customs, institu-

tions, arts and sciences, and the history of races, nations

and individuals all conforming to the laws of evolution.

And so in every science has evolution lent its aid, for

while many authorities refuse to accept it in all its details,

it is none the less used universally as a working basis.
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The Nineteenth Century has witnessed the nativity of

geology. The momentous event was heralded in 1815 by
the publication of William Smith's ''Map of the Strata of

England and Wales." This remarkable document has

justly earned for its author, a simple land surveyor, the

appellation of "the father of geology." It was the result of

more than twenty years' mighty effort on the part of a

man sadly handicapped by the necessity of earning his

bread in the meantime. Apart from his pure, unselfish

love of knowledge, the chief incentive that led William

Smith to undertake this herculean task was his previous

discovery of the two primary laws which were to form the

nucleus of the new science. The first is the law of stratifi-

cation, which recognizes that the rocks exposed on the

earth's surface are portions of layers, and that these layers

must rest successively on each other in the order of their

antiquity. The second is that each stratum may be identi-

fied by its contained organic remains, which include both

animal and plant fossils.

While the humble surveyor was pursuing his pilgrim-

age among the rocky fastnesses of England and Wales, a

bitter controversy was being carried on between the two
schools of geologists then recognized in Europe the

Neptunists and the Vulcanists. The Neptunists were the

followers of Karl Werner, the eminent German professor
of Freiberg. The Vulcanists owed allegiance to Dr.

James Hutton, who died in 1797. The Neptunists advo-

cated the production of rocks by aqueous deposition alone;
Werner's theory being that "The earth had been originally

259
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covered with an ocean, in which the materials of the min*

erals were dissolved." In the course of time, through

pressure, chemical precipitate and crystallization, the

mountains emerged from this "chaotic fluid," and "on the

retirement of the ocean, certain universal formations

spread all over the globe, and assumed at the surface vari-

ous irregular forms as they consolidated." The Vulcan-

ists, on the contrary, refused to indulge in any such cos-

mological speculations, but insisted rather that Nature is

her own interpreter. To account for the metamorphoses
of which the earth's crust bore record, they cited the action

of volcanoes and earthquakes, and of rivers and ocean, and

appealed to all the processes of decay and renovation now
at work. When the Geological Society of London was

established in 1807, with the object of encouraging the

collection of data and of recording observations, irrespec-

tive of theory, the foundations of the Huttonian school

were materially strengthened, and with few exceptions all

the great geologists down to the present day have been

adherents of its doctrines.

The Vulcanists accounted for the origin of the earth

in this way : That the elementary parts of creation were

diffused in the universe in the form of gas or vapor ;
the

gases, having an affinity for each other, were attracted

around a common central point, thereby forming an exten-

sive gas globe, which later became ignited ; through the

emission of heat, this igneous conglomeration gradually

cooled off on its surface, which in time became hard and

condensed. As the hot mass in the interior seethed and

boiled, the crust was broken through from time to time,

and empty spaces and great fissures were formed on the

surface of the earth. The excrescences so formed were

the primitive rocks, and are considered as the first stage

in the formation of the earth's surface. The next stage is
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the period during which the water exercised its influence.

The gases, still hanging about the earth in a thick, heavy

mist, became gradually condensed as the cooling of the

earth continued, and formed a great ocean that submerged
the entire globe. The waters were boiling hot, and con-

tained elements whose chemical action affected a part of

the formation of the surface. Various deposits were

made, and through the activity of the raging waters moun-

tain chains formed themselves, and corresponding eleva-

tions and depressions took place. The cooling of the earth

continued until the temperature sank so low that vegeta-

tion could form itself upon the earth. The climate was

intensely hot, and spread itself equally over the entire sur-

face, from the poles to the equator. First plants and then

animals of an incredible size came forth luxuriantly and

in the fullness of life. Then a frightful revolution took

place. The shape of the earth surface was changed, and

the splendid fauna and flora gradually diminished in pro-

portions, and many of the species became totally extinct.

At last the temperature sank so low that ice formed itself

in various localities of the once tropical earth, which now
emits no more heat than it absorbs from the sun.

The inception of the Geological Society may be said to

have marked the beginning of the transition period be-

tween the epoch of hypothesis and the era of strict phil-

osophical induction in which the geologists of the present

day are trained. The society included in its membership
some of the most brilliant men of the period, such as Mac-

Culloch, Murchison, Lyell, Buckland, De la Beche, Fitton,

Greenough, Conybeare, Francis Horner, Scrope, Warbur-

ton, Sedgwick, Wallaston, Whewell, and Mantell. Un-
like William Smith, they were most of them in possession
of independent fortunes and unfettered by the cares of the

world. The laws of stratification, as set forth in William
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Smith's map, became the chief subjects of study for the

English geologists, who had heretofore paid little or no

attention either to fossils or to the succession of rocks.

In 1825, when a royal charter was granted the society, it

had two well defined objects in view. One was to

extend William Smith's method of arrangement of the

secondary formations of England, Ireland, and Scot-

land. These rocks underlie the carboniferous system,

and owing to their inaccessibility, they had been left

by the geologist for future classification. The other

task was to deal a death blow to what was known
as catastrophic geology, which assumed that the globe

had been the scene of a long series of catastrophies,

alternating with epochs of comparative repose. The
combatants of this theory were termed the Uniformi-

tarians, and their leader was Charles Lyell, a young barris-

ter who joined the society in 1819, shortly after taking

his degree at Oxford. The young scientific recruit

brought with him all the enthusiasm of genius and the

exalted aspirations of youth. He was fired with the am-

bition to prove the gradual passage from past geological

ages to the present one, and in order to do this it was neces-

sary to travel beyond the narrow confines of Great Britain.

Accordingly, he started out on a five years' sojourn, travel-

ing through France, Germany, Italy, Switzerland, Spain,

and Sicily, and studying all the volcanoes, glaciers, Lirrc

rivers, and lofty mountains which those countries respec-

tively contain. In January, 1830, the first volume of hi -

''Principles of Geology," appeared, and the name of

Charles Lyell was emblazoned on the scroll of the Immor-

tals. In May, 1833, tne second volume appeared, air!

created no less sensation than the earlier portion of the

work. The catastrophist doctrine died a lingering death,
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and the infant science became forever purged of all crude

speculation.

It would be invidious to attempt the enumeration of

those who contributed to the early knowledge of the

science, and it would be impossible in a work of this kind

to go into the details of their wonderful discoveries. In

1831 Adam Sedgwick, professor of geology at Cam-

bridge, attacked the geology of North Wales, a task which

entailed three years of hard labor. In the meantime Rod-

erick Impey Murchison, the close friend of Sedgwick, was

hard at work in Central Wales, the results being finally

embodied in his classic masterpiece, "The Silurian Sys-

tem," which appeared in 1838. From 1836 to 1839 the

two friends worked in conjunction on the transition rocks

of Devon and Cornwall, which resulted in the establish-

ment of the Devonian system. At this juncture occurs

one of the saddest incidents in the history of the science.

A dispute arose between the two comrades over the ques-

tion of nomenclature a dispute which led to a life-long

estrangement. Sedgwick insisted that a certain series of

rocks should bear his name, while Murchison contended

that they should be designated the Lower Silurian, as they

properly belonged to that system. Researches in later

years confirmed Sedgwick's contention, and the matter

was compromised by conferring the name Ordovician on

the stratum that had been the cause of so much bitterness.

In the meantime geological research was traveling

apace in the United States. The American Philosophical

Society of Philadelphia had begun the publication of

geological papers very early in the Century, and on Janu-

ary 10, 1809, William Maclure read at one of its meetings
his memorable essay, entitled "Observations on the

Geology of the United States, Explanatory of a Geological

Map." The author had undertaken a gigantic task one
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infinitely greater than was occupying William Smith in

England. Alone and at his own expense he made a geolo-

gical survey of the entire United States, a work which

earned for him the name he has received of the "father of

American geology." The work was one of many years'

duration. He crossed the Allegheny Mountains fifty

times, and visited almost every state and territory in the

Union. He traced the great groups of strata then desig-

nated as the transition, secondary and alluvial, from the

Gulf of Mexico to the St. Lawrence. After an exhaustive

exploration of our own country he went to Europe in order

to recognize the corresponding formations of the other

Continent, and in 1816 and 1817 he studied the formations

of the Antilles.

About this time the importance of geological surveys,
with the view of ascertaining the agricultural and mineral

resources of large and unexplored regions, was beginning
to be appreciated by the United States Government. The
first geological survey made by state authority was that of

North Carolina in 1824 and 1825, and the example was

soon followed by more or less thorough surveys of the

New England and Middle States, and later of the greater

Mississippi valley and the Rockies. In 1841, shortly after

the appearance of another great work, entitled "Elements

of Geology," Lyell visited America, where he was received

with great acclaim. Thirteen months were spent in the

United States, Canada and Nova Scotia, during which

time he worked hard as an observer and recorder. The

science had meanwhile grown to gigantic proportions since

he had issued the final installment of his "Principles," in

1833. The subordinate branches of geology were being
studied with enthusiasm, and the importance of pale-

ontology for chronological purposes had become recog-

nized. It was now possible for the geologist to trace the
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changes which the earth's crust had undergone, and to

describe in minute detail the character of the plant and

animal life peculiar to each of the great epochs into which

time had been divided.

The solving of the mystery of the coal formation was

attended by the most marvelous revelations. The fos-

siliferous strata of the subcarboniferous age, bore mute

testimony that the greater part of North America, Europe,
and Great Britain had been submerged to a considerable

depth under the sea, immediately preceding the coal-bear-

ing period. Then there were gentle oscillations, and in

time the Continents had uplifted themselves to the water's

surface, and in this condition they had remained for a very

great period of time. The interior of the North American

Continent from Eastern Pennsylvania to Central Kansas

was one vast jungle of luxuriant vegetation. The
Green Mountains separated the New England and Nova
Scotia areas from the marshes of Pennsylvania, and the

Michigan coal area was an isolated marsh region.

The plants and trees that flourished in these great marshes

during the progress of the carboniferous age were of a

luxuriance that has never been approached in any later

period. The fossil remains found in coal beds indicate

that palms, phenogams, or flowering trees, and conifers,

or plants of the pine-tribe, attained a colossal size. It is

impossible for the imagination to conceive of the gor-

geousness that then clothed Mother Earth. There must

have been great numbers of immense floating islands,

carrying groves, in the inland seas that the marsh regions

enclosed, and the warm humid atmosphere was no doubt

heavy with the perfumes of myriad flowers of gigantic

proportions.

When the plants and trees died their remains fell to

the ground of the forest, and soon became decomposed into
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a black pasty mass, to which was added year by year the

continual accumulation of fresh carbonaceous matter.

Thus this process of decay and disintegration went on

among the shed leaves and trees until a bed of uniform

thickness would be formed over a wide area. The eras

of verdure during which these plant beds were in progress

wrere alternated by periods of inundation by salt water

from the oceans, that destroyed all terrestrial life. The

accumulations of thousands and thousands of years of

vegetable growth and decay became covered up with de-

posits of sediment. Then the continental surface, or wide

portions of it, would again slowly emerge and a new era

of verdure appear. Thus the alternations continued until

all the successive coal beds were formed. The ever-in-

creasing pressure of the accumulated strata above them

compressed the shecldings of a whole forest into a thick-

ness in some cases of a few inches of coal, and the action

of the internal heat of the earth caused them to part, to a

varying degree, with some of their component gases. The

coniferous trees, such as the living larches, pines, firs, etc.,

gave rise for the most part to the mineral oils, their shed-

dings having been subjected to a slow and continuous

distillation, the oil so distilled accumulating in troughs in

the strata, or rinding its way to the surface in the shape
of mineral oil springs. The nature and property of the

coal to be formed depended upon the original substances

of the living plant. One of the most remarkable things in

connection with coal is the state of purity in which it is

found. Owing to the fact that the forests must have

abounded with streams and rivers, it is surprising that so

little sediment found its way into the coal-beds. This

puzzled the geologists until Sir Charles Lyell explained it.

He noticed on one of his visits to America that the Mis-

sissippi River is highly charged with sediment where it
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flows through the cypress swamps, but that when it passes

through the close undergrowth the sediment becomes pre-

cipitated, and the water filters through in an almost pure

state. This accounts for the presence of thin "partings"

of sandstone and shale which frequently occur in coal

deposits.

The seas of the carboniferous age abounded in animal

life, as is evidenced by the organic remains found in the

alternating strata. Fishes and sharks of mammoth size

inhabited the warm waters of the deep oceans and crinoids

and corals, an infinite variety of articulates, crustaceans,

and trilobites infested the more shallow salt water areas.

The forest jungles teemed with insect life spiders, scor-

pions, centipedes, may-flies, cockroaches, and crickets.

There were also numerous varieties of land snails. In

this age reptiles make their appearance for the first time.

Their footprints as impressed on the carbonaceous beds of

Pennsylvania indicate that they were large animals and

that they had tails, tail marks being discernible on the mud
flats over which the reptiles marched. In the Nova Scotia

coal measures fossils have been found of the sea-saurian, a

species of reptile that had paddles like a whale. Before

the last period of the carboniferous age had passed away,
there were still higher reptiles those that lived on the

land, but so far there is no indication that birds or mam-
mals existed as early as this period. To account for the

stupendous movements which must have happened in

order to bring about the successive growths of forests one

above the other, the geologist attributes them to the action

of heat and to volcanic convulsions. At the close of the

deposition of the carboniferous system of strata, there

was unusual volcanic activity, as is evidenced by the fre-

quent occurrence of what is known as faults.

A glance at any modern geological map shows the
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bountiful manner in which nature has laid out beds of coal

upon the ancient surfaces of our earth, America alone con-

taining no less than 196,660 square miles of coal-bearing

territory.

More important even than the determination of the

coal-making processes, was the promulgation of the

Glacial theory. In 1835 De Charpentier, a Swiss geolo-

gist, advanced the idea that the erratics and bowlder clays

of his country had been deposited by glaciers at some

remote period. This led all the geologists of Europe and

America to investigate a question that had been puzzling

scientists for a long time. In America and Europe, over

the Northern latitudes, stones, gravel, and sand, as well

as masses of rocks hundreds of tons in weight, are found

as far as a hundred miles, and more south of the region

where they were originally formed. The transported ma-

terial was called drift, and the stones and bowlders were

formerly claimed as proofs of the tumultous action of an

universal deluge. In 1840 Agassiz, of Neuchatel, in com-

pany with J. D. Forbes, noted as an expert in the physics

of glacier ice, and W. Buckland, began a systematic study

of the Alpine glaciers. Their gigantic task led to startling

results. It seemed an impossibility for science to accept

as a fact that nearly all of Europe and North America had

been enveloped in a great ice sheet many miles in thickness,

and in a comparatively recent period. That ages of tropical

splendor should have been succeeded by such frightful

desolation was beyond all conception, but as the investiga-

tion proceeded the fact was proved beyond the shadow of a

doubt. A study of the topography of North America re-

vealed the fact that an immense glacial deposit had em-

braced the whole Continent from Labrador and New
Foundland to the western borders of Iowa, and even

farther west, and that it extended southward to the parallel
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of 40 degrees. In Europe it extended down to 50 degrees,

where the temperature corresponds to that of the parallel

of 40 degrees in North America. The stupendous ice

fields did not remain stationary, but in time began to trans-

port themselves either in a southward, southeastward or

southwestward direction. The highest mountains were

no obstacle to their progress, and they moved over the

great summits of the White Mountains and the Green

Mountains as if they had been so many mole hills, and left

as souvenirs of their visit bowlders picked up 200 miles

north. The direction of transportation was determined

by tracing the rocks and bowlders to those parts of the

Continent where they were derived. Masses of native

copper have been found in Indiana and Illinois that were

transported from the Lake Superior region. From the

Connecticut valley bowlders of red sandstone were carried

to Long Island, and giant masses of rock have been found

in the Mississippi valley 1,000 miles away from their

native stratum. As reasoned by Agassiz, moving ice is

the only known agent adequate for transportation on so

vast a scale. The reason given for the uniformity of the

direction of moving is the immutable law that a

glacier moves in the direction of the slope of its upper
surface. The snows being more abundant to the north

during the glacial era, and the temperature being lower

than at the south, the accumulation naturally became

greater in the north
;
as a result, the movement would be

southward. South America had its corresponding glacial

era, transportation taking place in the direction of the

equator. The cold of the era is attributed to the elevation

and extension of Arctic lands and a corresponding increase

in Arctic land-ice.

In 1862 Prof. A. Ramsay aroused a great controversy

among geologists regarding this glacial theory. He
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claimed a new and novel effect for glaciers, and set forth

his opinion in a paper read before the London Geological

Society. The basins of the Alpine and various British

lakes he attributed to the erosive action of ice, while his

opponents held that the effect of ice is abrasive, not erosive.

Although Ramsay's theory won many supporters among
his contemporaries, it is generally rejected by the best

geologists to-day.

The logical confirmation of the glacial theory added

one more period to the history of the earth, which modern

geology has now divided into four grand epochs Arch-

aean time, Paleozoic time, Mesozoic time, and Cenozoic

time. These epochs are divided into periods, with refer-

ence to the character of the fossil evidence of former or-

ganic life contained in their respective strata. Paleozoic

time, which was probably three times longer than all later

time, contains three ages : The Silurian, or Age of Inver-

tebrates; the Devonian, or Age of Fishes, and the Carbon-

iferous. Mesozoic time consists of but one age, the age of

Reptiles. Cenozoic time is divided into two ages, the

Tertiary, or Age of Mammals, and the Quaternary, or

Age of Man. This classification represents more than

fifty years' indefatigable labor on the part of the paleon-

tologists of Europe and America. The impetus which the

publication of Lyell's "Principles" gave to the study of

fossils has never abated, and every available region in

England, France, Germany, and the United States has

been thoroughly explored. An enumeration of those who
have contributed to this gigantic undertaking would be

but a mere catalogue of names.

In America the progress of discovery and research has

been unparalleled, until it has become par excellence, an

American subject. In 1859 Joseph Leidy discovered the

bones of a prehistoric quadruped in the basin of an ancient
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Rocky-Mountain lake. A vigorous exploration of all the

older lake basins of Wyoming, Utah, New Mexico, and

Dakota revealed the fact that the western part of North

America had once been the home of mammoths, rhinocer-

oses, tapirs, horses, and other quadruped animals. The

two men who have probably done more than any others to

develop American paleontology are Professor Marsh, of

Yale College, and the late Professor E. D. Cope, of Phila-

delphia, vertebrate paleontologist of the United States

Geological Survey, both men of immense fortune. From

1876 to 1885, Professor Cope had from three to five ex-

peditions always in the field, the expenses of which he bore

himself. When the fossil beds of Kansas, Colorado, Da-

kota, and Wyoming, the greatest known, were discovered,

Professor Cope and Professor Marsh assumed the mighty
task of excavating, shipping, and classifying these remains

of the Reptilian and Mammalian ages. Thirty-seven

species of serpents were found in Kansas alone, varying
from ten to eighty feet in length, and representing six

orders. Some of them were terrestrial in habit, many
were flyers, and the others inhabited the salt ocean. The

extent of the sea westward was vast and geology has not

laid down its boundary, but it has been conjectured to be a

shore now submerged beneath the waters of the North

Pacific ocean. Out on the expanse of this ancient sea

huge, snake-like forms rose above the surface, and stood

erect, with tapering neck and narrow shaped head, or

swayed about describing a circle of twenty feet radius

above the water. This extraordinary neck was attached

to a body of elephantine proportions, the limbs were two

pair of paddles, and a long serpent-like tail balanced the

body behind. The total length of the Elasmosaurus

Platyurus, Cope, for such it has been named, was fifty

feet. In many places as many as eleven of these leviathan
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monsters would be discovered curled up together among
the rocks. It was indeed an Age of Reptiles. Flying
Saurians filled the air, and flesh-eating lizards, from

twenty-four to thirty-five feet long, crawled over the earth,

bearing burdensome tons of flesh on two bird-like feet. A
flying saurian of the Mesozoic period, discovered by
Marsh, spread eighteen feet between the tips of its wings,
while the Pterodactyl Umbrosus, Cope, covered nearly

twenty-five feet with its expanse.

The most important discovery made by Cope was the

skeleton of the Phenacodus Primaevus, considered the an-

cestor of all hoofed animals. In life it was four and a

half feet long, not quite so large as a yearling calf, and

when it skipped along it fluttered a pair of wings. This

strange animal belonged to the first period of the Tertiary

Age, during which time the American Continent began to

assume its present outlines. Only the borders of the

Atlantic, the Gulf of Mexico, and the Pacific were covered

by the sea. The Rocky Mountain region was above the

sea. The Ohio and Mississippi were independent streams

emptying into the gulf, and the Great Lakes began to as-

sume their present form. Great forests extended from

one end of the Continent to the other, and giant sloths,

mastodons, elephants, rhinoceroses, and camels roamed the

length and breadth of the land. Immediately after this

age of abnormal life came the glacial period, which was in

turn followed by the Age of Man.

The progress of the science of geology in the United

States was greatly accelerated by the establishment of the

office of Director of Geological Survey on March 3, 1879;

the department being placed under the direction of the

Secretary of the Interior. The survey was organized in

four branches, geological, topographical, publication, and

administrative, and within each of these branches are sev-
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eral divisions. Since its establishment, nearly fifty thou-

sand square miles have been surveyed topographically, the

survey being of special service during the past few years in

the development of mineral resources, as well as contrib-

uting a vast amount of knowledge to the science in general.
Vor,. io 18



ASTRONOMY

Progress in astronomy has been so great during the

Nineteenth Century that a mere catalogue of the discov-

eries, and those towhom they are due, would fill vastly more

than the space that we have at our disposal, and the work

of the astronomer being such that scores of men aid in

the making of various discoveries there would be endless

controversies as to whom the credit should be awarded.

Hence, in this chapter we shall give merely a few of the

more important discoveries typical of the direction in

which the star-gazers have been working and tell of some

things that have been learned about the solar and sidereal

heavens during the Century.

Astronomy was further advanced than any other

science at the beginning of the Century and during the

period there have been no discoveries of great principles

rivaling Newton's researches in gravitation. It was

known long before the beginning of the Century that the

world is not the all-important center of the universe, that

it is only one of several planets revolving around the sun,

and that that sun was itself only one of millions of other

similar suns that we call stars, and each of which probably
has planets revolving around it. some of them larger and

others smaller than the earth. Man had come to a realiza-

tion that his earth was to the universe less than a grain of

sand was to the earth. We know of the existence of

hundreds of millions of stars like our sun and the nearest

star of these is more than 200,000 times as far away as our

distance from the sun. These last facts, learned within

the last hundred years, illustrate the tendency of astro-

274
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nomical research during the Century. The knowledge of

the laws governing heavenly bodies having been discov-

ered, the astronomer of the Nineteenth Century has

directed his efforts to finding out what the stars are, and

their nature. Their chemistry and physics have been in-

vestigated by aid of the spectroscope and the large tele-

scopes have enormously increased the number of stars

visible while the application of photography to astronomy
has rendered telescopes even more powerful in detecting

the presence of celestial bodies and recording their mo-

tions.

This attention to detail has been necessary because of

the vastness of the subject. Before the days of great tele-

scopes the naked eye of a few astronomers covered the

heavens after a fashion. But the new telescopes magnify
so greatly that if every man in the world were an astron-

omer with his eyes glued to a different telescope, and each

looked at a different part of the heavens, their whole range
would not- be covered. And so the astronomer of to-day

regards star-gazing as a small part of his duties. There

are scores of men who spend a good deal of time at the

telescope, but for these there are hundreds of astronomers

who never look into a telescope at all except for amuse-

ment. The post of observer is not the most important at

an observatory, and one active observer will keep ten men

busy doing difficult sums in mathematics that lead to their

conclusions. Hence the astronomer is familiar with but

few stars aside from those he makes his specialty. He
knows half a dozen or so and if he wishes to know any-

thing about the others he can find their location in the star

catalogue; yet not one astronomer in a hundred has ob-

served one thousandth of the stars that are known to exist.

The discovery of the planet Neptune, which is ac-

counted the greatest astronomical discovery of the Cen-
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tury, affords an excellent illustration of astronomical

methods. Five planets, or stars revolving around our

sun with fixed orbits, Jupiter, Saturn, Mercury, Venus,

and Mars had been known to observers of the heavens

from the earlier ages, but no addition had been made until

William Herschel, then organist at the Octagon Chapel at

Bath, had, with the aid of a home-made telescope, discov-

ered on March 13, 1781, the orb which received the name

of Uranus. It had been overlooked by earlier astron-

omers, who had mistaken it for a fixed star. After the

discovery of the new planet astronomers looked over the

investigations of ancient observers, and, knowing that it

would take Uranus eighty-one years to travel around the

sun, and the direction of its path they were able to figure

where it should have been at various periods in the history

of the universe. It was also found that Uranus was not

traveling in the course that it should have taken. By 1845

it was the ''intolerable quantity of two minutes of arc" out

of the way. The only way in such a deflection could be

accounted for was by the supposition that it was due to

the attraction of gravitation from some planet other

than those whose effects had already been made known.

From this it followed that there must be another great

planet in the solar system besides those of which astron-

omers then knew.

The search for the new planet might be made by tele-

scope, but that would be like hunting for a needle in a

haystack. So two young astronomers set themselves to

the effort to figure its location by the aid of mathematics.

Only two had the patience and thought it worth while to

pursue the calculations. They were Levcrrier, of France,

and Adams, of England. After each had spent about two

years in independent mathematical calculations, both suc-

ceeded in finding the track of a hypothcticr-1 planet, as well
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as circumstances of its motion, which would account for

the irregularities in Uranus' orbit. At about the same
time they announced where the planet was to be found

and the locations agreed within a half of a degree. All

that was necessary was for astronomers to point their tele-

scopes to the spot indicated. This they did on the night

of September 23, 1846, and Neptune was added to the list

of planets in the solar system.

The discovery of Leverrier and Adams is chiefly in-

teresting as a proof of the correctness of theoretical as-

tronomy. Sooner or later Neptune would have been

discovered by the means of the star charts that are made.

Such observations, together with greater telescopes, have

brought about the discovery of, the asteroids or small

planets. All of these discoveries were made during the

Nineteenth Century. Piazzi, the Sicilian astronomer,

found the first member of the group on the very first night

of the present Century. Pallas was discovered by Olbers

during the next year, Harding found Juno in 1804, and

the fourth, Vesta, the only one brilliant enough ever to be

seen with the naked eye, was observed in 1807. Encke

discovered the fifth asteriod, Astraea, in 1845 '<

three more

were discovered in 1847 an<^ since then every year has

added to the list, until at the close of 1898 there were 429,

six having been added during the year 1898. The new

discoveries have been made possible by the use of pho-

tography.

Thus the knowledge of the existence of asteroids, and

hence their study, has been a development of the Century.

Of those we know, Medusa, 198,000,000 miles from the

sun, is the nearest to that body, and Thule, which is 400,-

000,000 miles distant, is the furthest away. Professor

Barnard at Lick Observatory measured the diameters of

Ceres, Pallas, and Vesta, micrometrically, and found that
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Ceres is the largest, with a diameter of 488 miles. Pallas is

304 miles in diameter and Vesta 248 miles, while with the

exception of Juno, none of the others are greater than 100

miles in diameter, while some are not more than 10 or 12

miles. These Asteroids are located in the space between

Mars and Jupiter, and, being in a bunch, the general belief

is that they are a part of single planet which either failed to

unite in accordance with the nebular hypothesis, or else

that they are fragments of an exploded planet
The first calculated return of a comet was that of

Encke's, on May 24, 1822, which was another triumph of

theoretical astronomy. Discovered by M. Pons, Novem-

ber 26, 1818, its orbit, motions and perturbations were

determined by Encke, who declared that it should return

every three years and fifteen weeks, and it has done so in

accordance with the calculation. We now know of the

existence of 680 comets, although there must be vastly

more perhaps hundreds of thousands for, although it

is seldom that one is not in sight, yet many too small for

our telescopes to detect must be near us all the time. Much
has been learned about the nature of comets and astron-

omers declare nowadays that so far from threatening the

earth with danger they do not exert the slightest influence.

The most imposing feature of the comet is its tail, and this

has been found to be seldom less than 5,000,000 miles in

length, in the case of those visible to the naked eye, while

several areknown to have been 100,000,000 miles in length,

a length 120 times as great as the diameter of the sun

which latter body is 109 times the diameter of the earth.

Cometary matter is so rare that Babinet in 1857 announced

that a comet's tail traversed by the earth might be un-

noticed. It is certainly so diaphanous that even the stars

may be seen through the visible portions of a comet.

Babinet also estimated that the chance of a collision be-
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tween the head of a comet and the earth is so slight that it

can occur only on an average of not more than once in

about 15,000,000 years. The close connection of comets

with the periodical showers of meteors, usually observed

in August and November, was first demonstrated by H. A.

Newton, of Yale, in 1864, and is now universally admitted.

Astronomers suppose the meteors to be the result of the

gradual disintegration of the comets. When the earth

was passing the track of Biela's comet (discovered by

Biela, an Austrian, in 1826) on November 27, 1872, she

encountered a wonderful meteoric shower, and it was then

declared that Biela's comet was shedding over us the pul-

verized products of its disintegration.

Comte, the French philosopher and mathematician,

who was perhaps the wisest man of his day, declared that

it was impossible for us ever to know anything as to the

materials of which the stars were composed, because they

were so far from us. The distance is great, it is true.

Light traveling from the sun at the rate of 186,000 miles

a second requires 499 seconds or about 8 1-3 minutes

to reach us, while light coming from the nearest

star traveling at the same rate of speed requires seven

years to reach us, and from the most distant known from

2,000 to 3,000 years. Thus the problem of learning any-

thing about the materials of which the stars are composed

might well have seemed impossible even to a man like

Comte. But the problem has been solved and we are now
able to tell of what certain stars are composed or at least

if we cannot tell all the ingredients of which they are com-

posed, we can tell a great many of them. We have, for

example, the same certainty of existence of iron in the sun

as we have of its existence in the poker and tongs on the

hearth.

A remarkable train of discoveries leading to the con-
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struction of the spectroscope is responsible for the revela-

tion of the nature of the substances that enter into the com-

position of the heavenly bodies. That process is called

spectrum analysis. Two centuries ago Sir Isaac Newton
made his celebrated analysis of light by means of a prism.

Every one who is at all observant must have noticed that

if a strong light, especially sunlight, falls upon the tri-

angular prisms used to ornament gas fixtures, spots of

light containing all the colors of the rainbow will be cast

upon nearby objects. Students of science investigated to

learn the cause of this action. It was soon ascertained

that the shape of the prism and its position to the direction

of light would change materially the size of the spot. The
reasons for this have been fully investigated, and the stock

of knowledge relating to the subject is very extensive, but

we wil' not go into it any further than is necessary for the

purpose of this article. If a properly constructed prism is

fixed in a darkened room so that a small ray of sunlight,

coming from through a hole in the door, strikes it at the

proper angle, a band of colored light, called a solar spec-

trum, will be thrown upon a screen placed at a suitable dis-

tance. The color of light at one end of this band will be

red and at the other violet, while the intermediate colors

will be orange, yellow, green, blue, and indigo. The band

of light is like a slice cut from a rainbow. Close inspec-

tion with a suitable magnifying glass by Wollaston in

1802, revealed the existence, however, of quite a number

of dark bands of different widths and located at

different distances from each other. Fraunhofer was the

first person to study these lines, and he gave a detailed

description of them in 1814. Instead of looking through
t\ 2 prism with a naked eye he used a telescope, placing
the prism and the telescope a distance of twenty-four feet

from the slit, the virtual image of which was thus con-
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siderably magnified. Fraunhofer gave a detailed descrip-

tion of these lines and showed the exact position of the

more prominent ones, which are therefore known by his

name. These lines are always seen in the same position

when the light that passes through the prism is that of the

sun, but if a candle or a gas-jet is used such will not be the

case. Some of the light and lines will disappear and other

lines, that were not in position before, will come into view.

Experiments carried on by others since Fraunhofer

developed the fact that if in the flame of a gas-jet different

substances be burned, the lines shown in the spectrum cast

by the prism will be changed, and that certain materials

will produce certain lines, while others will produce en-

tirely different ones. It has also been found that the

actual number of dark lines in the sun spectrum is vastly

greater than was at first supposed. As many as 3,000
have been counted with properly constructed instruments.

Inasmuch as different substances burned in the flame de-

velop different lines in the spectrum, it was at once in-

ferred that an instrument so constructed as to properly

note their number and position would afford ready means

for determining the composition of combustible sub-

stances. Kirchoff and Bunsen devised such an instru-

ment in 1859, and it is known as the spectroscope. There

are many types of this instrument, but the essential parts

are one or more prisms, a slit through which the light ex-

amined is allowed to enter
;
a tube having at the other end

a lens to render parallel the rays from the slit
;
a telescope

through which the spectrum is viewed, and usually some

apparatus by which the different lines may be identified.

It is so arranged that two spectrums can be compared
one that of a substance whose spectrum is familiar, and

the other that of the substance whose spectrum is to be

examined.
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At first spectrum analysis was used to compare the

spectrums of various earthly substances to detect the pres-

ence of this or that element and it afforded an absolute de-

tection of any adulteration, while by its aid, as has been

told in the article on Chemistry, many new elements of

great rarity have been discovered. One of these that

affords a striking instance of our knowledge of the com-

position of celestial bodies is helium. During an eclipse in

1868 Professor Lockyer discovered the presence of a sub-

stance in the sun, and being at that time unknown on earth,

it was named the sun element helium. For twenty-five

years we knew it only as an element in heavenly bodies, but

in 1895 Professor Ramsay obtained a gas -from a rare

mineral named Clevite, which is found in Norway, and the

spectrum of this gas proved it identical with that of the

helium of the stars.

Numerous experiments have shown us just what ma-

terials must be burned to produce many of the dark lines in

the solar spectrum, and in this way we have ascertained

that the gaseous covering contains, among other things,

iron, magnesium, calcium, chromium copper, zinc, nickel

barium, sodium, and other elements, in all thirty-six,

known on the earth. Knowing the composition of the

surface of the sun we gain an idea of that of the interior

mass. The stratum of gases outside of the sun is known
as the chromosphere, and is brilliantly scarlet, because of

the predominating presence of hydrogen gas. Like a sea

of flame it covers the photosphere or shining surface of the

sun to a depth of 5.000 to 10,000 miles, and though in-

tensely hot, there is no real burning such as combustion as

we know it.

By spectroscopic and other examinations of the sun

and its rays, it has been found that the sun's light is a mass

of heated carbon and we receive 600.000 times as much
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light from the sun as from. the full moon. The sun is

surrounded by an extensive and rare atmosphere, the

photosphere, the invisible source of solar light; the

chromosphere, chiefly of hydrogen gas, and the corona, a

vast shell of unknown vapor many thousands of miles in

thickness. The diameter of the sun has been found to be

852,000 miles, or 109 times that of the earth, and, as it

is a perfect sphere, its surface is 11,900 times as great as

that of the earth, while its volume exceeds the earth 1,305,-

725 times, and its mass is 332,260 times that of the earth.

Its density is about one-quarter that of the earth, or rather

more than that of water. The heat received from the sun

is thirty calories, from which it is computed that the

amount of heat reaching this world from the sun in a year
would be sufficient to melt a shell of ice 165 feet thick all

over the earth's surface. Lord Kelvin calculated that the

quantity of fuel required for each square yard of the solar

surface would be no less than 13,500 tons of coal an hour-

equivalent to the work of a steam-engine of 63,000 horse

power. The temperature of the sun is estimated at from

16,000 to 18,000 degrees Fahrenheit. The earth receives

only about one part in each 2,2OO,ooo,oooth part of the

total radiation of heat from the sun. The distance of the

sun from the earth (by Copernicus) was supposed to be

4,800,000 miles, but spectrum analysis, aided by the known

velocity of light, has made astronomers agree that 92,890,-

ooo miles is within 150,000 miles of the correct distance.

The spectra of the stars have been studied as well as

those of the sun, and examinations have been made of

many hundreds. It has been found from these investi-

gations that while they are not all of precisely the same

composition, yet in every case they are of the same general

character as our own sun and thus the supposition of

earlier days that they were suns, the centers of solar system
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resembling ours, has in this Century become a certainty.

Some are hotter, some smaller, and some more luminous

than others, they differing as do various species of animals.

So far off are many of the stars that it is supposed by some

astronomers that they were dead and gone perhaps mil-

lions of years ago, and are still visible because the light

from them that began traveling millions of years ago has

not yet reached us. The nearest of these stars is more
than 200,000 times as far from us as is the distance from

the sun, and the Lick and Yerkes telescope could make
visible at least 100,000,000 stars. Though the stars are

called "fixed," merely to distinguish them from the planets,

yet they are really in motion at a rate faster than that of a

cannon ball. Sirius, the most brilliant of the stars, gives
us one seven-thousand-millionth of the light that is given

by our own sun, yet Sirius is really radiating forty times

as much light as is the sun.

The spectroscope has revealed that the many bright

patches seen in the heavens on clear starlight nights, and

which were formerly supposed to be the wake of very dis-

tant stars, are simply gaseous clouds or nebulas. This

was demonstrated by Huggins in 1866, and to him many
other discoveries are also due, he having been a leader in

spectroscopic astronomy. Some 8,000 nebulae have been

noted and many of them photographed, the first work in

this latter direction having been done by Henry Draper, of

New York, in 1880. Huggins' spectroscopic researches

also made possible the noting of movements of stars along

the line of vision, and their actual velocity can be deter-

mined in many cases. By means of displacements of spec-

tral lines Huggins discovered that stars are receding and

approaching us. Arcturus, the one traveling toward us

most rapidly, is coming at the rate of fifty-five miles a

second, and Sirius, which is becoming more distant, moves
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away at a rate of twenty-six miles per second. Yet in

spite of this motion of the stars, it is so slight that the eye,

unaided by the spectroscope, could not detect any change
in position during a life-time.

It is interesting to recall at the present time that the

largest telescope in its day was constructed for the observa-

tory of Madrid, and was placed in the Spanish capital in

1802. To-day the United States has the largest telescope

in the world. Important as the size of the telescope is, it

must be remembered that it has been shown there are other

things of more importance. It is also true that much de-

pends upon the man at the little end of the telescope as well

as upon the size of the lens. Yet great telescopes have

undoubtedly been of enormous service to astronomy.

They have made possible the detection of thousands of

more stars than could be seen with the smaller instruments,

and it is due to this and photography that we know of the

existence of three hundred times as many stars as we did

a Century ago. The principle of the telescope has not

changed during the Century, and telescopes are still of

two kinds, reflecting and refracting. Of the former type

the largest is that erected in 1828-45 by the Earl of Rosse

at Parsontowrn in Ireland, which is 6 feet in diameter and

54 feet long. The largest refracting telescope is that of

the Yerkes observatory, which was completed in 1895, and

has a 4o-inch lens, with a length of 70 feet. The refract-

ing telescope is the favorite in observatories and the Lick

telescope at Alt. Hamilton, Cal., was the largest until the

Yerkes telescope was mounted. It has a 36-inch refrac-

tor, while the largest in the Old World is that at Pulkowa

in Russia, with a 3<D-inch lens, built in 1884. The growth
in size of refractors is well shown by the fact that the tele-

scope at Pulkowa. built in 1840, and which was the largest

in its day, had a refractor of 14.9 inches.
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The work of making the lens of these great instru-

ments requires years of toil, for a single error might de-

stroy $40,000 worth of raw material in a 4O-inch glass.

The rough disks are smoothed down with revolving con-

cave tools, then the surfaces are smoothed and polished
with rouge, by hand, no mechanical process being found

that will answer the purpose. The lens is tested by look-

ing through it at a star. Handling it for this test is no

small task as the lens and its ring weigh about 1,000

pounds. The Yerkes lens is called a 4O-inch glass, but its

exact diameter is 41 3-8 inches; the crown is about 36
inches thick at the middle and 11-4 inches thick at the

outer edges. Alvin G. Clark, who made the Yerkes glass,

said that it was not his limit. He declared before his

death that he could grind a perfect lens 45 inches in diame-

ter. The difficulty in the way of making a larger lens is

the weight and flexibility of the glass, as a glass larger than

45 inches would surely bend of its own weight while there

are those who believe that the 45-inch glass is impossible.

The work of mounting a big telescope is no small engineer-

ing feat. The tubes of the Yerkes telescope weigh 75 tons,

and the instrument must move with precision, keeping time

with the stars. Electric motors are employed for the

manipulation of the telescope.

While the greatest astronomical discoveries have not

been made with big telescopes, yet these gigantic instru-

ments have done much important service. Bond found

Hyperion in 1848 with the Harvard telescope, Lassell's

telescope in 1846 discovered the satellite of Neptune, while

the resolvability of many nebulae and their spiral struc-

ture was discovered by the great telescopes which have

been of great assistance also in the detection of asteroids.

E. E. Barnard's discovery of Jupiter's fifth satellite,

Bnrnham's discovery of many double stars and Asanh-
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Hall's detection of the two satellites of Mars were made

possible by giant lenses.

One of the most important developments of astron-

omy during the Century has been in the application of

photography to the science. The eye of the astronomer

gazing at the heavens becomes tired and the longer he

looks the less he is able to see. Not so with the carr ra,

which continually records the stars it sees, and is able to

detect many that would be unnoticed by astronomers. On
this account telescopes are provided with camera attach-

ments and many important discoveries, such as Keley's

securing of actual proof, in 1896, of the meteoric constitu-

tion of Saturn's rings. Myriads of stars beyond the ken

of the most powerful telescope have been revealed by the

aid of the astro-photography. One of its most important

uses has been in the work of making a photographic chart

of the heavens. Millions of stars will be depicted on this

chart, and the undertaking is now well on its road to com-

pletion. Millions of those detected by the camera were

unknown before its use in astronomy. The preservation

of these photographic records will be also of importance
in showing the movements of the stars to astronomers of

future ages. Thus they will be able to acquire new facts

in regard to the mighty voyage through space which is

being made by our sun and all his system.



ANTHROPOLOGY

If it be true that, as the poet Pope says, "The proper

study of mankind is man," mankind owes an immense
debt to the Nineteenth Century for its anthropology alone.

Hundreds of years ago Aristotle said, "Man is, according
to his nature, a political animal," but until the Eighteenth

Century there seems to have been no conception of a

science of mankind outside of the conventional ground of

universal history. The latter part of the Eighteenth Cen-

tury, so productive of germinal ideas, conceived the idea

of a philosophy of the history of mankind, but the science

of anthropology scarcely stood on a firm basis until toward

the middle of this Century. The comparative method of

study has provided the anthropologist with tools with

which to solve the most difficult problems. Anthropology
is wide in its scope, embracing as it does somatology,

psychology and ethnology. The latter branch is that dis-

cussed chiefly in this article.

So long as it was believed that the world was only a

few thousand years old, history was relied upon to tell the

story of mankind. But as the ancient civilizations on the

banks of the Nile, the Tigris and the Euphrates have

yielded their secrets, it has been found that the world was

much older than had been imagined. Then geology step-

ped in, and assisted by paleontology, revealed that the

earth has been in existence for millions of years, and that

man has dwelt on it for untold periods of time.

The establishment of the antiquity of man is one of the

great achievements of the Century. The first of the

Egyptian Kings mentioned on the monuments of the Nile

288
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valley is Mena or Menes, who was the founder of Mem-

phis. Careful study of the lists of monarchs and of court

architects found at Karnak, Sacquarah, and at Abydos has

convinced archaeologists that Menes lived over three thou-

sand years B. C, at the lowest estimate. Yet at that

remote period Egyptian civilization was so highly
advanced that Menes began the building of his capital by
a mighty feat of engineering that of diverting the Nile

from its channel in order to protect the city against inva-

sion from the deserts on the east. The earliest monuments
of Egypt depict a high state of civilization with a complex
social order, skillful and beautiful architecture, truly artis-

tic sculpture and painting, and some knowledge of astron-

omy. Philologists testify that "the oldest monuments

of the world show Egypt in possession of the art of writ-

ing," and with a highly developed language. These facts,

in connection with the knowledge that in the earlier stages

of civilization the growth of ideas is much slower than it

is later, have led to the conclusion that man lived in the

valley of the Nile for many thousands of years before the

reign of Menes. Borings in the Nile valley have brought
to light pottery and other relics of a simple civilization

which were buried so far beneath the surface of the earth

that, at the rate of the Nile deposit, it must have taken

over eleven thousand years to cover them. And, buried

in limestone hills and formations which nature has taken

thousands and thousands of years to build, have been dis-

covered evidences of a stone age when man in Egypt, like

prehistoric man on any other part of the globe, made his

implements and weapons of rudely chipped stone.

In 1799, during the French occupation of Egypt, a

French officer of engineers, M. Boussard, discovered in

an excavation made near Rosetta, a rude block of black

basalt. Soon after, the French fleet was defeated at

VOL. 10 19
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Aboukir and the mouths of the Nile were occupied by

the English. The "Rosetta stone" fell into the hands of Sir

William Hamilton, and in 1802 was presented to the British

Museum. This "priceless jewel" of the archaeologists fur-

nished the key to the inscriptions on ancient Egyptian
monuments and tombs; for, when examined, it was found

to bear an inscription in three languages, one written in

hieroglyphics, one in demotic, or Middle Egyptian, and

the third in Greek. The hieroglyphics, by means of the

other two renderings of the inscription, were interpreted

with much patient labor by Young and Champollion. The

inscription on the basalt steel was in itself not of much

importance, being a decree in honor of Ptolemy Epiphanes

by the priests of Egypt, assembled in synod at Memphis,
for the remission of arrears of taxes and dues owed by
that body, and dated 196 B. C. The discovery of another

trilingual inscription by Lepsius in 1866, while making
researches at Tanis, confirmed the results of the work of

the hieroglyphic readers. To-day the most ancient

Egyptian inscriptions on monuments and tombs are read,

and the life of the people who lived on the banks of the

Nile more than six thousand years ago is as open to us as

though a thing of yesterday, and the "wisdom of Egypt,"
so long a sealed book, is ours.

The decipherment of the cuneiform inscriptions of

Asia was begun by Georg Friedrich Grotefend, of Han-

over. In February, 1802, he submitted to the Academy
of Gottingen the first translation of a cuneiform alphabet.

By a stroke of genius, Grotefend had, aided by his knowl-

edge of ancient history, deciphered the names of three

Persian monarchs, after having observed that certain

groups of signs were always preceded by the word "king"

which he had identified in a formula in which the signs

for "king" frequently occurred. The names of the sov-
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ereigns Darius, Xerxes and Hystapes in the orthography
of their time furnished only twelve letters of the old Per-

sian alphabet. There was still an infinite variety of char-

acters to be read. Other patient philologists followed in

Grotefend's footsteps, each winning renown for himself by

deciphering one or two characters. In 1835 Henry Raw-

linson applied himself to the work and accomplished the

mighty feat of copying and reading the Behistun inscrip-

tion of more than one thousand lines. Inscriptions in the

Persian cuneiform writing were usually accompanied by

parallel columns in Median and Babylonian-Assyrian,

each of the three languages having a different alphabet.

The Archaemenian kings issued their decrees thus in order

that they might be read by the three principal nations

whom they ruled.

Of the three kinds of cuneiform script the Babylonian-

Assyrian was the most important, as well as the most

difficult to decipher. The Persian characters are alpha-

betical, there being only about fifty of them. The Median

or Medo-Scythic, as it has been called, is both alphabetical

and syllabic, with an alphabet of about one hundred char-

acters. The Babylonian-Assyrian cuneiform script is both

ideographic and syllabic. In the development of the script

from picture writing the signs passed through many
changes. Therefore, there are numerous varieties of

Babylonian-Assyrian inscriptions and the student who can

read the late Babylonian inscriptions may be totally unable

to decipher the late Assyrian ;
and the early Babylonian

is very different from either.

Slow and laborious as was the task of mastering the

numerous and varied cuneiform characters, archaeologists

have had their reward. Multitudes of documents thou-

sands of years old have been brought to light by recent

excavations at Babylon, Nineveh and Nippur and through
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their perusal the long-forgotten past has yielded up its

history and legends.

The appointment of P. E. Botta as French consul at

Mosul was a great thing for Assyrian exploration.

Through the enterprise and diligence of Botta and his

consular successor, Victor Place, the palace of the mighty

Sargon was unearthed and explored between the years
of 1843 an(l 1855- This achievement prompted Austen

Henry Layard to explore Nineveh, Calah and other ruined

cities of Babylonia and Assyria, which he did with

marked success, finding a wealth of sculptures and inscrip-

tions. In 1872 George Smith discovered tablets contain-

ing the story of the deluge agreeing essentially with the

Biblical account of the Flood. These tablets are now in

the British Museum.

Nippur, or Niffur, is said to be the oldest city in the

world, and well it may be. Some Assyriologists claim that

the relics of its ancient civilization recently brought to

light, date back to more than seven thousand years before

Christ. In 1888 the University of Pennsylvania sent out

a scientific expedition under Dr. Peters to explore the

ruins of the city of Nippur, near ancient Babylon. The

number of tablets, inscribed vases, and the value of the

cuneiform texts found therein rivaled the results of the

explorations of Layard at Nineveh, and the excavators and

explorers thought that they had found the very founda-

tions of the ancient Nippur. Records of the time of Sar-

gon and King Ur-Gur were discovered and a floor or plat-

form was reached which was supposed to be the ground
level of the city. It was then thought that the earth had

no deeper secrets to reveal. But one of the exploring party

suggested that the digging should be continued until either

virgin soil or bed rock should be reached. The excavat-

ing had already been carried to a depth of thirty-six feet.
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It was now continued for thirty feet further. It was
found that what had been thought to be the ruins of the

ancient city of Nippur were in reality the ruins of a much
later city, built above the ruins of an archaic Nippur dating
from not later than 6000 years B. C. The inhabitants of

this old, old city were in a high state of civilization, which

necessarily must have taken centuries for its development.
It has been calculated that man must have lived in the

valley of the Euphrates for at least ten thousand years

before Christ. This need not conflict with the Bible. The

system of chronology affixed to the Bible in its margins
is not a part of the sacred text, but an estimate made over

two hundred and fifty years ago by Archbishop Ussher

and others, with the aid of the best light afforded by the

scholarship of the day. But since two hundred and fifty

years ago how immeasurably has man's horizon widened !

Not only has ethnology, through the labors of

archaeologists, investigated and studied the buried his-

tories and customs of ancient civilized peoples, but

archaeology, aided by geology and paleontology, has shown

us the life of primeval man. Curiously shaped pieces of

stone, crudely resembling weapons, have been found in

different parts of the world for thousands of years. As

man could find no natural explanation of their remark-

able appearance he fancied them of supernatural origin,

calling them "thunder-bolts" or "arrows of the gods."

During the Middle Ages in Europe some pious folk

believed such "thunder stones" to be the "weapons of

heaven" and imagined that they had fallen to earth during

the battle in which Satan and his host were driven from

the abode of light. After the revival of learning, a

natural explanation was sought for the origin of these

chipped or polished stones, sometimes with droll results.

In 1649 Tollius informed inquirers that these stones were
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"generated in the sky by a fulgurous exhalation conglobed
in a cloud by the circumposed humours." About the

beginning of the Eighteenth Century a large weapon of

chipped flint was found with the bones of an elephant in

a bed of gravel in London. This looked as though the

rude stone weapon had been used to kill the elephant in a

bygone age. Soon after it was found that the implements
of savagery brought to Europe by travelers from far dis-

tant lands were very like the "thunder-bolts" found in

Europe. Gradually the belief that the "thunder-bolts"

were made by primitive man was established. Explora-
tions and excavations made by private individuals in

various parts of Europe revealed other chipped or polished

flint implements in juxtaposition to bones of beasts or

men. In 1847 Boucher de Perthes published a volume on

"Celtic and Antidiluvian Antiquities," containing engrav-

ings of flint implements and weapons, examples of thou-

sands which he had found in the peat and drift near Abbe-

ville in France. These were found in connection with

bones of quadrupeds such as the beaver and bear. Yew
trees, firs, oaks and hazels were dug out of the peat in the

valley of the Somme, and the whole condition of the val-

ley indicated a series of vast geological changes since the

weapons and implements had been left there which must

have been at a time when the river system of France was

entirely different from what it is now. Similar discoveries

were made in other parts of France, in England, in

Belgium and in other countries. Lyell, the eminent

geologist, visited parts of England, France and Belgium,

personally examining many of these discoveries. In 1863

he published his 'Geological Evidence of the Antiquity of

Man." Since then, implements of man have been found

in company with the bones of extinct animals.

When did man first appear on the earth ? The remains
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of quadrupeds resembling most of our mammals are

found in the stratified rock belonging to that part of the

tertiary epoch known as the eocene. Fossil anthropoid apes

have been found in miocene strata, and it is thought that

man may have begun his existence on the globe at the same

time. But both miocene and pleocene rocks tell little about

man. The gradual cooling of the earth which resulted in

the glacial epoch seems to have banished apes from Europe,
but many traces of man are found throughout the ice age.

There were at least three well defined glacial periods, and

there is evidence that man lived in Western Europe in the

first of these periods, or early in the quarternary epoch.

It has been estimated that the ice age began 240,000 years

ago and lasted, including all three glacial periods and inter-

vening milder times, 160,000 years. The first portion of

man's existence on the earth is called the palaeolithic or

ancient stone age. To it belong the chipped flint or other

unpolished stone implements. To the neolithic or later

stone age belong polished stone axes, hammers, rude pot-

tery and personal ornaments sometimes of jade and of

gold. The bronze age shows fine flint implements, pure

copper and moulded bronze ones. All prehistoric races seem

to have been acquainted with fire, and all except the cave-

dwellers of the palaeolithic period had hand-made pottery.

No definite dates can be assigned to these ages. Roughly

speaking, the early stone age lasted throughout the glacial

age. The later stone age lasted in Europe until a com-

paratively recent period, being followed by a short bronze

age which merged gradually into an iron age. But there is

no definite division between the ages either in time or

country.

During the high civilization of the Greeks and

Romans the tribes on the shore of the Baltic Sea were

still in the early stone age, and the Finns, who to this day
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have made less progress than any other European people,

were savages of the most primitive type. Tacitus

describes them as "abjectly poor and wonderfully savage.

They have no homes/' says he, "no arms; they dress in

the skins of wild beasts; they sleep on the bare ground;

they have no iron, and their arrows are tipped with bone.

Like the men, the women live by hunting, accompanying
them in their wanderings and sharing the prey. They
weave nests from the branches of trees to cover their little

children. These are the homes of the young and the rest-

ing places of the old; still they consider such privations

preferable to the work of tilling the fields, building houses

and, alternating between hope and fear for themselves and

those belonging to them, careless of man, regardless of

the gods, they have reached that most desperate state

where they feel no need of prayer."

Very like this was the state of primitive man. He
lived only for the day and took no thought for the mor-

row. A shelter of boughs was his only home, unless he

was fortunate enough to find a cave in which to take ref-

uge, and for this he was probably obliged to do battle

either with some wild beast or his fellow man before he

could occupy it. Like the North American Indian, he

wandered over the earth, following the game on which

he depended for food for himself, his mate and their

young. His pairing was usually permanent, and his off-

spring he cared for to the best of his ability, except in the

case of the feeble and sickly, who were often slain without

mercy. It was a case of the survival of the fittest. He
/

had no home to protect, no property, beyond his weapons,

to defend
;
no sympathy outside of his little family group ;

and the tribal state, which grew from the natural increase

of families, was a decided advance in his social progress.

It was a wonderful discovery for ethnology that people
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in the same stage of development are almost exactly alike

without reference to the time or place in which they live.

Thus the Australian and South African races of savages,

until lately to be seen in a primitive state, furnished data

for comparative ethnology and aided in determining the

characteristics and condition of primitive man thousands

upon thousands of years ago.

The Bureau of Ethnology of the Smithsonian Institute

began to publish annual reports in 1879. For many years

individual students and explorers, as well as scientific

societies, had collected and published information about

the aborigines of America, and the world was compara-

tively well acquainted with the appearance, customs and

habits of the red men. But all attempts at classification

had been founded on somatological characteristics. Such

classification was pronounced by the Bureau of Ethnology

"utterly useless in practical ethnic work." Therefore the

Bureau began to develop another system based on lan-

guage. "Similarity in language generally accompanies

similarity in tribal organization and law, while similarity

in language and law is commonly connected with simi-

larity in beliefs and arts," says J. W. Powell, director of

the Bureau of Ethnology. This discovery of the connec-

tion of language with social organization, law and beliefs

led to the systematic study of the institutions and cere-

monials of the Indians, and brought to light complex

organizations and elaborate religious beliefs, including the

explanations of many singular customs and curious or

beautiful myths. The discoveries of the Bureau of

Ethnology are turned to account in grouping the Indians

on reservations. Those who are bound together by ties

of language associate much more amicably than those

whose likeness is purely biotic.

An especially interesting department of the work car-
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ried on by the Bureau of Ethnology is the study of the

relics of prehistoric inhabitants of our land. These left

behind them not only stone and copper weapons, imple-

ments, ornaments and pottery, but mammoth earthworks

and graves, such as the artificial hillocks of the people

whom, for lack of a better name, we call the Mound Build-

ers, and forsaken habitations such as the homes of the

Cliff Dwellers. The Mound Builders are supposed to have

lived over two thousand years ago, but, to-day, their earth-

works still exist in large numbers in the river valleys and

plains which they inhabited. In Ohio alone there are

nearly ten thousand artificially constructed mounds, and

in the neighborhood of Trempealeau, Wisconsin, almost

two thousand. But the mounds are not confined to a few

states, being found in almost every section of the Union,

and in Mexico. They are rarer in British America. They

vary vastly in size and in shape. Many of them exhibit

mathematical regularity, being built in geometrical fig-

ures, others are shaped to resemble animals, including man.

The "Serpent Mound" in Ohio is gigantic, being more

than one thousand feet long, and is regarded by archaeolog-

ists as the most remarkable of all the structures built by

this singular people. Through the efforts of F. \Y. Put-

nam, the eminent archaeologist, the Serpent Mound was

purchased by the American Association for the Advance-

ment of Science and presented to the Peabody Museum of

Harvard University. Soon afterwards, the trustees of

the museum made the additional purchase of seventy acres

of land immediately surrounding the mound, and the

whole was laid out as a public park. The serpent meas-

ures 1,254 feet in length from the tip of the upper jaw
to the end of the tail. The jaws are open as if to swallow

the oval commonly known as the egg. Viewed as a whole,

it appears as though the huge python were creeping for-



ANTHROPOLOGY 299

ward to seize the oval, which gives it a weird lifelike

appearance. Such structures as the Serpent Mound are

called "effigy mounds." Many curious "effigy mounds"

have been discovered, some of them representing men,

panthers, wild cats, lizards, raccoons, tortoises, spiders,

and squirrels.

Many of the earthworks of the Mound Builders are

breastworks and fortresses, and it has been found that

their builders, who lived so long ago, were skillful enough
to erect for defence walls, redoubts and other fortifications,

choosing their sites with the acumen of trained engineers.

Archaeologists have lately discovered that their fortifica-

tions are connected by deep trenches and admirably con-

structed secret passages. Some of the high mounds built

on hill tops were evidently used as observation posts from

which to signal or to spy on the movements of enemies.

Excavation and exploration are revealing more and more

about these interesting people, but, in spite of the numerous

relics unearthed from their mounds and the patient inves-

tigations of archaeologists, many of their secrets seem to

be lost forever.

The wonderful structures of Colorado, Arizona, New
Mexico, and Utah, known as the cliff-dwellings, are still

a puzzle to archaeologists. Why did these prehistoric peo-

ple build so high ? Science has no better answer than that

they builded because they found the caverns in which to

build. However, this answer seems insufficient since the

Pueblos, who seem to be descended from them, are much
nearer the level of the ordinary habitations of men. Tradi-

tions in all tribes from Oregon to Mexico agree in the

story of a great flood, ages and ages ago, which but few

escaped, and the question arises whether the Cliff Dwellers,

like the builders of the Tower of Babel, may not have

intended to build so high as to avoid such danger in future.
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These singular habitations are found within an area

of three hundred miles square in the steep cliffs which

border the canyons of that region. The rock of the cliffs

runs in layers with ledges and galleries varying from a few

feet in extent to a thousand and fifty feet wide. On these

ledges the Cliff Dwellers erected their homes. The houses

vary much as do human dwellings everywhere, some being
small adobe structures like huge swallows' nests, other

substantial stone houses with three or four stories, though
the stories are rarely more than six feet in height, others

yet show the ruins of towers. The stone edifices are built

of blocks of stone cut into regular shape and held together

by adobe cement. The roofs are constructed of a layer

of pine or cedar poles crossed by another of small sticks

and covered with adobe cement into which vegetable fiber

was pressed. Six by six to eight by ten feet was the usual

size of the rooms.

Estimates place the period at which the dwellings of

the Cliff Dwellers were abandoned at thousands of years

ago, but the relics found in their graves, their dwellings,

and refuse heaps showr them to have attained a degree of

civilization as high as that of the Moquis, or even the

Aztecs. The skulls show fully average brain capacity.

The mummies prove that the men reached a height of six

feet, while some of the women stood five feet, seven inches.

The skull of one woman has soft reddish-brown hair still

adhering, which is neither wiry like the Indian's nor

woolly like the negro's, but is as fine and as straight as that

of a Caucasian. Among the relics of the Cliff Dwellers

are spear-heads, arrows and throwing sticks, basket work

which equals anything done by modern workmen and,

most wonderful of all, a robe of feathers and fur in quaint

pattern and coloring. Their wooden vessels were painted

with a resinous substance which filled the pores of the
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wood and hardened, rendering them waterproof. In the

grave of one woman were found several bracelets of tur-

quoise beads and a small pouch of skin containing threads

of yucca fiber with two finely pointed prickers. Their bone

needles and spoons show clever workmanship, and their

pottery closely resembled that of the Pueblo Indians of

New Mexico.

From their eyrie-like abodes the Cliff Dwellers are sup-

posed to have descended after their number became much

greater. Then were built the rounded towns on plains or

table lands. To them were applied the ancient architec-

ture of their forefathers. High perpendicular walls, arti-

ficially constructed, took the place of the sheer walls of

the canyons, and from them houses were built, descending

in terraced stories exactly as houses had been built from

the natural walls of canyons. All the dwellings faced the

open court. Thus the court took the place of the canyon
which the ancient dwellings overlooked. Not only wrere

the main features of the cliff-dwellings transferred to the

rounded towns of the plains, but inconspicuous details

which had been admirably suited to the exigencies of the

cliffs were exactly copied on the plains with no apparent
reason except the prompting of long usage.

The great difference in the houses of the Cliff Dwellers

gives rise to the belief that there were two distinct races

of these peoples. Frank Hamilton Gushing, who has lived

among the Zuni Indians for years, says that the "cave

dwellings," usually further down on the cliffs, are of an

older type than the "cliff-dwellings." The "cliff-dwell-

ings" are rounded, while the "cave-dwellings" are rec-

tangular. The Zuni Indians are supposed to be descended

from a union of the two kinds of Cliff Dwellers who came

together after they had built their towns on the plains.

This is attested by the fact that the Zunis have among their
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wealth of legends one in which is told of the coming

together of the "People of the Midmost" and the "Dwell-

ers-in-the-towns-builded-round." Gradually the build-

ing customs of the "People of the Midmost" who builded

"square" superceded the customs of the people who
builded "round." So, \vhen the white man came to

America, he found the Zunis dwelling in square towns,

and only ruins bore witness to the round ones.

The Zunis are particularly interesting to study, being
more like the archaic peoples of America than any other

of the Indians, even among the Pueblos. Although more

highly developed in many ways than any of the aborigines,

they retain many of the ancient myths and customs of their

ancestors.

A fruitful field of investigation to the anthropologist
is that of folk-lore. Says Dr. Daniel G. Brinton: "The

stories, the superstitions, the beliefs, and customs which

prevail among the unlettered, the isolated, and the young,
are nothing else than survivals of the mythologies, the

legal usages, and the sacred rites of earlier generations.

It is surprising to observe how much of the past we have

been able to construct from this humble and long-neglected

material."

A result of what is called mankind's psychical unity

is the tendency to evolve at a like stage of intellectual

development like ideas and fancies. Granting the analogy
between the life of an individual and the history of man-

kind as a whole, it will be seen that the ideas and fancies

of a race at an early stage of development must resemble

those of a child, and that the imaginings of a child must

resemble those of the savage of to-day, and those of the

savage of to-day must be like those of primitive man, no

matter where or when he lived. All this is well borne out

by evidence. Children's games and stories contain many
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elements of savage customs and folk tales, and the savage

folk tales of to-day betray a close resemblance to the earli-

est myths and legends of which we have knowledge.
Researches of the ethnologist and archaeologist have

thrown much light upon the subject of philology, and its

comparative study has been almost entirely a growth of

the Century. Franz Bopp, of Mainz, is known as the

father of the science, and his reputation was made by his

"conjugation system" published at Frankfort in 1816, in

which he traced the history of the verb inflections of the

Greek, Latin, Old Persian and Teutonic as compared with

the Sanscrit. In later works he traced their grammatical
forms to a common origin in a lost Lido-Germanic

speech. In connection with the study of languages it is

interesting to note the predominence of the English tongue
in the world to-day. When Shakespeare and Milton wrote

it was spoken by less than 6,000,000 of people. At the be-

ginning of the Nineteenth Century, French, German, Span-
ish and Russian each had wider currency than English,

there being but 20,520,000 English speaking persons. But

in 1890 English was the tongue of 111,100,000 persons.

Its proportion of the whole had increased from 12.7 to

27.7. German, the second on the list to-day, is spoken by

75,200,000 beings, a proportion of 18.7 the same as in

1 80 1. English is rapidly becoming the polite language of

Europe and it is well known that those engaged in the

Asiatic trade find it by far the most useful tongue to master

for purposes of commerce.
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As an era of exploration and discovery the Nineteenth

Century vies with that of which Columbus was the central

figure. Some idea may be obtained of the vastness of the

progress that has been accomplished, by comparing a map
of the world a hundred years ago with one showing our

present knowledge of the earth's surface. No land has

been too remote or forbidding to deter the restless Ulysses
of the present Century from an exploration of its pro-

foundest mysteries. Probably the most magnificent and

far-reaching result of this intrepid spirit of adventure has

been the opening of what has, since the dawn of history,

been known as the "Dark Continent." In the beginning
of the Century Africa was a blank from 10 degrees north

latitude to the confines of Cape Colony.

Before attempting to recount some of the many won-

derful discoveries of the era that began with Livingstone

and extends down to the present day, it might be well to

mention a few of the minor expeditions that have con-

tributed their assistance toward the solution of the African

problem. In 1816 Captain Tuckey succeeded in exploring

the Congo as far as the first rapids. In August, 1827,

Clapperton, in company with Denham, made his famous

journey from Tripoli to Lake Chad, and crossed Africa

from the Bight of Benin to Sokoto. In 1820-27 a survey

of nearly all the west and east coast was made by Captain

F. \V. Owen, and the north coast by the Beecheys. In

1840 Abyssinia was explored by Dr. Beke, and in 1843-6

Mansfield Parkyns and Chichele Plowden made egress into

this forbidden land by way of the Nile. In 1846 John

34
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Petherick traversed the territory from Keneh to Kosseir,

and in 1853 entered the land of the Jur. James Richard-

son was the first European to enter Ghat, and after explor-

ing Fezzan turned to Tripoli in 1850. An expedition,

1851-54, under Dr. Barth, explored the Central Sudan

States, the Niger, Shari and Binue and the territory

watered by them, and visited Timbuktu. In 1850 Francis

Galton made a 2,000 mile journey through the country of

the Damara and the Ovampo.
In 1840 the immortal Livingstone, with whose name

African exploration is probably more closely associated

than with that of any other traveler, went to South Africa

as a missionary. The year 1847 found him settled in the

very interior, whence, in 1849, ne accompanied Oswell and

Murray on an expedition in search of Lake Ngami, about

which he had obtained some information from the natives.

On August ist he discovered the magnificent sheet of

water, and during the few days following explored its

borders, afterward making an extended voyage down its

outlet, the Zouga. In 1852, after having sent his family
to England, Livingstone commenced a journey of discov-

ery that won for him the plaudits of the entire world. For

four long years he traversed South Africa from the Cape
of Good Hope, passing through Tete, descending the Zam-

besi to the sea, traveling in all an estimated distance of

1 1,000 miles. For this great achievement he received the

Victoria Gold Medal of the Geographical Society, and

when he visited England in 1856 he was received with dis-

tinguished honors. In the spring of 1858 he returned to

Africa and (accompanied by Mrs. Livingstone) began his

famous Zambesi expedition, which continued until 1864.

After following the course of the great stream for a long

distance he turned off toward the North and explored the

beautiful Lake Nyassa, which he discovered in September,
VOI,. 10 20
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1859. The death of Mrs. Livingstone at Shupanga,

April 27, 1862, was a sad ending for a long succession of

brilliant accomplishments, and in 1864 Dr. Livingstone
returned to England. He immediately made preparations

for another expedition, and in April, 1865, he left his

native land, never to return. Nothing was heard from

him for a year, and in March, 1867, it was reported that

he had been assassinated by the natives. Only occasional

stray bits of news regarding his movements were received

by the outside world until 1869. Then followed a long

silence of two years' duration. Public anxiety had by this

time reached a fever heat, and the New York Herald sent

out its correspondent, Henry M. Stanley, to search for the

missing man. Stanley reached Ujiji in the autumn of

1871. He there found the lost Livingstone alive and well,

and received from him an account of his long wanderings
and marvelous discoveries. Livingstone and Stanley

together now made an exploration of the north end of

Tanganyika. In March, 1872, Stanley returned to Eng-

land, and Livingstone proceeded South to Bangweolo,
where he died. In his career as an explorer, Livingstone

traversed some 29,000 miles of African soil, most of it

new, and he laid open nearly one million square miles of

territory that was previously unknown and which had

appeared on the map as an absolute blank.

While Livingstone was at work in South Africa, Bur-

ton and Speke, Grant and Baker, were exploring the mag-
nificent domains of the Upper Nile country. In 1861

Speke and Grant reached Unyanyembe, and the two suc-

ceeding years were spent in a march northward to the Vic-

toria Nyanza, the vast inland fresh water lake discovered

by Speke in his expedition with Burton in 1857. The

outlet of the Nile at Ripon Falls was discovered, and in

February, 1863, they met Sir Samuel Baker at Gondokora
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on the White Nile. There was great joy among the trav-

elers when they met on the shores of this classic stream,

and there were many congratulations exchanged. Speke
and Grant by their discovery of the main source of the Nile

had solved a puzzle that had been exercising the imagina-
tions of geographers since the dawn of history. Sir

Samuel related his rediscovery of the Muta Nzige of Speke
and of a second vast sheet of water, to which he gave the

name of Albert Nyanza. In 1874-79 Gordon Pasha

cleared up still further the mystery of the Upper Nile, and

obtained much valuable knowledge of the territory on

either side of the river. In 1887-9 Stanley headed an

English expedition sent out to the relief of Emin Pasha,

which resulted in further knowledge regarding the hydro-

graphy of the Nile and the Congo.
The expedition which fixed Stanley's fame as one of

the greatest explorers the world has ever known was that

which began in 1875, when he circumnavigated the Vic-

toria Nyanza, visited Uganda, marched across an

unknown country to the river Lualaba, on which he

embarked in November, 1876, not knowing where the

mighty torrent would lead him. He traveled a distance of

i,800 miles, and when he reached the mouth of the river,

in August, 1877, it proved to be the Congo. This was

the most important discovery that had ever been made in

the exploration of the dark continent. Its consequences

were of vast political and commercial importance, among
them the founding of the Congo Free State.

Although the opening of Africa has been preeminently
an English undertaking, much notable work has been done

by French and German expeditions. One of the most

remarkable exploits is that of Commander Monteil, a

Frenchman, who early in 1893 completed a journey of

4,400 miles, three-fifths of it in humid tropical Africa, and
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two-fifths in the thirsty desert. He is the first white man
to cross from ocean to ocean the country lying below the

great northern bend of the Niger River, and he is the second

white man to reach Lake Tchad from the Atlantic Ocean.

The expedition in 1893 of Lieutenant Von Gotzen across

the forests of Central Africa, from sea to sea, was a note-

worthy one from a geographical standpoint. In the year

1861 Gerhard Rohlfs began his explorations. Disguised

as a Moorish physician, he entered the Kingdom of Mor-

occo, practiced for a time with great success at Fez, and

subsequently visited all parts of the country north of the

Great Sahara. During a journey to the oasis of Tafilit, in

the Sahara, he was attacked by the leaders of the caravan

he had joined, robbed, severely wounded and left as dead

by the maurauders. A band of passing dervishes found

him nearly dying with thirst and loss of blood, and, bind-

ing his wounds and giving him a supply of water, left him

to continue his journey unmolested. Undaunted by this

terrible experience he undertook to reach the oasis of Tuat,

which had never been visited by a European. He suc-

ceeded in this remarkable venture, secretly measured and

mapped it, and then made his way to Tripoli by way of the

more northerly Oasis of Chadames. This journey counts

among the most important and daring explorations of the

Dark Continent.

To name all the men who have within the past forty

years devoted their lives, and, in many cases, sacrificed

them, to the details of African exploration, would be an

impossible task, and to make a selection would be invidi-

ous. Scores of scientists and brave missionaries have laid

down their lives in attempts to probe the mysteries of the

interior, and countless minor expeditions have gone into

the heart of the Dark Continent never to be seen or heard

of again.
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The first man to attempt the solution of the ''polar

problem" in the present Century was Captain William

Scoresby, an Englishman, who pushed his way through
terrible difficulties until he reached a latitude of Si degrees

12 minutes, 42 seconds, on the north of Spitzbergen. In

1818 the British Government sent out two expeditions.

One, under Captain James Ross and Lieutenant Edward

Parry, was dispatched to Davis Straits, and the other,

under Captain Buchan and Lieutenant John Franklin, to

Spitzbergen. The latter expedition met with misfortune

before it had reached the latitude attained by Captain

Scoresby, but the former, with the utmost exertion, suc-

ceeded in rediscovering Baffin's Bay, passing by way of

Lancaster Sound 400 miles westward, or about half way
to Behring Strait. In 1821-3 Parry made a second

journey, discovering the Fury and Hecla Straits. In a

third attempt (1827) he succeeded in attaining the latitude

of 82 degrees 45 minutes north of Spitzbergen, which \vas

no farther than whalers had penetrated in former years,

with scarcely a hindrance. He quit his ship, the Hecla,

on the northern coast of Spitzbergen and betook himself

to his boats. When he had reached 8 1 degrees, 1 3 minutes,

he encountered difficulties that compelled him to convert

his boats into sledges. After a long, perilous journey
toward the North he discovered that the ice on which he

was traveling was moving Southward as rapidly as he

was advancing North, and that he was in the very same

latitude as when he started. In the meantime Lieutenant

Franklin had started on another expedition, in 1819, and

had succeeded in traversing a long stretch of the coast of

Arctic America, passing by the Saskatchewan and the

Barren Grounds as far as the Coppermine River, which

he followed and explored for 500 miles. In 1826, accom-

panied by Dr. Richardson, his companion in the former



3io REMARKABLE ACHIEVEMENTS

expedition, he descended the Mackenzie River and ex-

plored the coast of the continent through 37 degrees of

longitude, pushing as far West as 160 miles from Point

Barrow, which had been reached from the West in 1826 by

Captain Beechey. Meanwhile the viking spirit of Captain

Scoresby had not been slumbering. In 1822 he had pene-

trated the ice-barriers of Eastern Greenland, and had sur-

veyed the coast line from 75 degrees to 69.

The most important of the early Arctic expeditions

was that commanded by Captain John Ross and his

nephew, James C. Ross. The ship Victory, which carried

the party, left England in 1829, entered Barrow Strait,

and into the Gulf of Boothia named in honor of Felix

Booth, the patron of the expedition. The projecting

peninsula on the left, also named Boothia, was thoroughly

explored, as was also King William's Land. On June i,

1831, a wonderful discovery was made. The Magnetic

Pole, the ancient mystery of mariners, was located in the

western part of Boothia. For a long time the Rosses were

thought to have perished, and in 1833 a relief expedition

was sent to their rescue, but before reaching them they

had been picked up by a whaling vessel in Barrow Strait,

having had to abandon their own ships. In 1837-39 Simp-
son & Dease, of the Hudson Bay Company, completed the

tracing of the coast line westward as far as Point Barrow

and eastward to the Castor and Pollux River. The entire

outline of the Northern coast of America was not known,

however, until 1853, when Dr. John Rae took up and com-

pleted the work begun by the Hudson Bay Company peo-

ple and discovered King William's Land to be an island.

In June, 1845, the indefatigible John Franklin, who
had been knighted in 1829 in recognition of his distin-

guished services as an explorer, was given command of the

Erebus and the Terror, and instructed to attempt to dis-
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cover a practicable northwest passage to India. With the

blare of trumpets and the adulations of a whole nation

ringing in their ears, the expedition left England to meet

one of the most tragic fates of modern times. The last

that wras seen of the vessels was in July of the same year.

No news of the party having reached England, a relief

expedition was sent out which returned without finding a

trace of the lost ones. Between that and 1854, twenty

separate expeditions, at the cost of a million pounds ster-

ling, were sent from England and America in hope of

rinding if not survivors at least traces of the missing

crews. The task seemed hopeless, but after long and per-

sistent endeavors on the part of the British Government,

of Lady Franklin and of private explorers, the mystery
was finally solved by the expedition of McClintock, in

1857. This steamer made the melancholy discovery that

Sir John Franklin died June n, 1847, ff tne Northwest

coast of King William's Land, and that on April 22, 1848,

the Erebus and the Terror were abandoned in the ice.

The officers and crew, 105 souls in all, under Captain

Crozier, reached King William's Island, whence they

attempted to make their way to the Hudson Bay Com-

pany's stations. From information gleaned from the

Esquimaux, and by subsequently discovered relics of the

party, it appears that the poor men fell, one by one, on the

way, dying of cold and starvation, and that very few of

them ever reached the mainland. The relief expeditions

that were sent out with the hope of succoring the ill-fated

Franklin party have indirectly led to the richest geographi-
cal results. Among the most important of these expedi-

tions is that of Dr. Kane, who sailed from New York, May
30, 1853. Dr. Kane, three years previously, had accom-

panied Lieutenant De Haven in an expedition for the same

purpose. The disappointment that had attended the
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return of the unsuccessful American and English expedi-

tions only increased the public desire to ascertain the fate

of Franklin, and Dr. Kane shared in this anxiety to the

extent of contributing his entire fortune to the fitting out

of the Advance. The brave officers and crew were unsuc-

cessful in obtaining any trace of Franklin and had to

abandon their ship in the ice and travel with sledges and

boats for eighty-four days, until they reached the Danish

settlements of Greenland. The stories of the suffering

and discoveries of this little band of adventurers are among
the most thrilling in the history of Arctic exploration. On
his return, in 1855, Dr. Kane was awarded gold medals by

Congress, by the Legislature of New York and by the

Royal Geographical Society of London. He also received

the Queen's Medal given to Arctic explorers.

Previous to 1879 Arctic expeditions had left the region

north of Behring Strait comparatively unexplored, and

on the 8th day of July of that year, the ill-fated Jeannette

sailed out of the Golden Gate at San Francisco bound "for

that strange land from whose bourne," it may almost be

said, "no traveler returns." The Jeannette, formerly the

Pandora, a gunboat, was officered and manned from the

United States Navy. There were thirty-two souls on

board, under the command of Captain De Long, and the

ship was provisioned for a three years' cruise. The ship

proceeded by way of St. Michaels, Alaska, and thence to

Wrangle Land, where the ship was frozen in on the night

of September 20. Then came a period of twenty-one
months drift in the ice pack, and during the first five

months only forty miles was made. Yet several islands

were discovered and named. On May 16, 1880, Jeannette

Island was sighted in latitude 76 degrees, 47 minutes N.
;

on May 27, Henrietta Island, 77 degrees, 8 minutes N.
;

also Bennet Island, in latitude 76 degrees 38 minutes N.
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For two long years nothing was heard of the Jeannette,

and during all this time she was drifting helplessly and

surely to destruction. On the nth of June, 1881, the

end came, and the ship was crushed to dust beneath a

mountain of ice from one of those sudden upheavals that

had so often threatened her during her long sojourn upon
this floating island. Fortunately, the catastrophe had

been anticipated, and the crew had been divided into three

parties, which put out in small boats. They were then in

latitude 77 degrees north, near New Siberia Island, 500
miles from the mouth of the Lena river. The boats suc-

ceeded in keeping together until the night of September 12,

when a terrible storm sent them drifting in different direc-

tions toward the Siberian coast. The boat containing
Lieutenant Chipp and his crew was never heard from, but

the boats of Captain De Long and Chief Engineer Melville

landed at points near the mouth of the Lena. It was a

barren, desolate shore that De Long stepped upon, with no

trace of its ever before having been trodden by a human

being. Melville's crew was more fortunate in finding a

landing place, and they immediately instituted a search for

their superior officer. Many weeks aftenvard tracks were

discovered, and with the assistance of native guides, the

searching party were at last successful in finding the loca-

tion of the last bivouac. The bodies of De Long and his

companions were found lying about the charred embers of

the fire they had built. De Long's diary was by his side,

his pencil grasped in his frozen fingers, showing that the

delicious rest of that sleep which precedes death by freez-

ing had overtaken him in the act of making an entry in the

sad record of his sufferings. On April 7, 1882, the

remains of the whole party were laid in one grave, with a

pile of stone and a wooden cross to mark the spot. Dur-

ing the winters of 1882-3 and 1883-4 the bodies were
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transported across Siberia on dog sleds, a distance of 5,761

miles, to the eastern terminus of the railroad to Moscow,
whence the funeral cortege moved on to America, special

honors being paid to it all along the route.

The next important Arctic expedition was that under-

taken by A. W. Greely (then a lieutenant in the United

States Army), who started in the ship Proteus in the sum-

mer of 1 88 1, with twenty-five explorers and provisions to

last a little over two years. Headquarters were made in

Discovery Harbor in August of that year, and the Proteus

returned to the United States. The chief object of the

expedition was to establish a scientific international polar

station in Lady Franklin Bay, as recommended by the

Hamburg International Polar Commission of two years

before, and to this end excursions were made into the sur-

rounding country to obtain the true position and outline of

Grinnell Land. Captain James Lockwood was entrusted

with the most important field work of the expedition. In

March, 1882, in company with Sergeant Brainard, they
set out on a journey that fixed Lockwood's fame as an

Arctic explorer. They crossed Robeson channel to New-
man Bay on dog sleds with the thermometer ranging from

30 to 55 degrees below zero. After reaching Cape Bry-

ant, on the north coast, they sent back all their attendants

except one Esquimaux servant, and proceeded northward

to an island in latitude 83.20, less than 350 miles from the

pole, where, on May 15, Lockwood unfurled to the breeze

the United States flag, exultant in the thought that it

waved in a higher latitude than had any flag before. The
little party returned to Fort Conger June 17, the journey

having occupied sixty days and covering a distance of

1,069 miles. The expedition was rich in scientific and

geographical results. The recorded boundary of known
land had been extended twenty-eight miles nearer the pole,
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and 125 miles of hitherto undiscovered coast line mapped
out. As previously arranged with the Government, the

Neptune was sent out with fresh supplies in 1882 and the

Proteus in 1883. Neither of these vessels reached Dis-

covery Harbor, and the Proteus was crushed by the ice

and sunk. Their supplies running low, the expedition

abandoned their quarters and reached Cape Sabine in

October with supplies for only two months. Their suffer-

ings during the succeeding year were intense. Sixteen

died of starvation, among them the brave Lockwood, one

was drowned and one shot to death for stealing food from

the commissary stores. In the meantime the public anxi-

ety had grown intense, and the United States fitted out

another relief expedition. Captain Schley (since the

famous commodore of the American-Spanish war), with

three ships, Thetis, Bear and Alert, reached Cape Sabine

June 22, 1884, and took off the seven survivors, then at

the point of death. Lieutenant Greely was unable to

appear in public for some time after his rescue, but as soon

as he was able, he was received with enthusiasm, not only

in his own country, but abroad.

The next American to strive for the honors of Arctic

discovery was Lieutenant Robert E. Peary, United States

Navy, who was sent out in June, 1891, by the Academy of

Natural Sciences of Philadelphia. The object of the

expedition was to explore the north and northwest coasts

of Greenland from the land side. Lieutenant Peary was

accompanied by his wife and a number of scientists

detailed by the Academy. The expedition sailed June 6,

on the Arctic whaler Kite, Captain Richard Pike com-

mander. The journey was unmarked by fatalties, and the

explorers succeeded in attaining 83 degrees, 24 minutes,

a still higher latitude than reached by Lockwood and

Brainard. In 1893 Peary made a second expedition,
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accompanied again by his wife and a party of scientific

men. After sending home the vessel, the party went into

camp on the west coast of Greenland, where a daughter

was born in September. The winter of 1893-94 was spent

in preparations for sledge exploring. On March 6 they

set out on a journey which resulted in the survey and map-

ping of 1 50 miles of coast line hitherto unknown. A relief

auxiliary expedition, headed by Henry S. Bryant, and

including Professor William Libbey, of Princeton, as

geographer, Professor T. C. Chamberlain, of the Univer-

sity of Chicago, as geologist, and Dr. Axel Ohlin, of

Sweden, zoologist, opened communication with Peary on

August I, and reached Falcon Bay August 20. They
returned August 26, leaving only Lieutenant Peary and

his two volunteers, Lee and Henson, to complete their

explorations next season. A second relief party brought

back the explorers to the United States in 1895. The

amount of knowledge which the Peary expeditions have

contributed to science is incalculable. His survey covers

i ,000 miles of the coast of Greeland. The direction of

the coast, the bays indicated and the islands discovered,

make an entirely new map. Eleven islands, not on previ-

ous charts, have been marked accurately, and 100 glaciers

have been located where only ten were known before.

They did not get as far north as their predecessors, but

the real success of the expedition in scientific results sur-

passes all previous and later Arctic attempts.

The Jackson-Harmsworth expedition of 1894-97,

which left England in the whaler Windward, solved some

most interesting geographical problems. The northern

coasts of Franz Joseph Land were accurately determined,

and the much vexed problem of Gillies Land was decided.

It is now quite clear that this land does not lie where

geographers have been in the habit of putting it. The
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map of British Franz Joseph Land was practically com-

pleted, and the new map entirely revolutionizes old ideas

of the territory. Instead of a continental mass of land,

as was long supposed, there is a vast number of small

islands, to the north of which is an open sea, the most

northerly open sea in the whole world, and which has been

named the Queen Victoria sea.

This long catalogue of daring Arctic adventures was

brought to a fitting climax by the return of Dr. Fridjof

Nansen, the Norwegian explorer, whose triumph it is to

have gone nearer the pole by 200 miles than any of his

predecessors. On June 24, 1893, the wonderfully con-

structed Fram left Kristiana. The success of the expedi-

tion was no doubt due largely to this vessel, which was

built on a plan calculated to resist the stupendous power
of crushing ice floes. On the loth of September the

northern point of Siberia had been safely rounded, and the

Fram pushed eastward toward the New Siberian Islands.

On September 25, at a latitude of 78 degrees, 45 minutes,

the vessel was frozen in about 150 miles noth of the west-

ern part of these islands. Then began the routine of the

drift. The ship was arranged for the winter, and a wind-

mill erected for electric service. This drift continued

until September, 1894, when Dr. Nansen concluded that

he and a companion would attempt a sledge journey over

the ice by which he could explore further to the northward.

On March 14 a start was made with three sledges and nine

dogs each. On the first day only nine miles was made,
the temperature ranging from 40 to 45 below zero. They

pushed on by these slow stages until April 8, when a chaos

of ice blocks barred the way. The latitude attained was

83 degrees, 13 minutes, 6 seconds, in east longitude 95

degrees. Progress was so slow and with no sign of

improvement, that the gigantic task of covering the 200
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miles intervening between that point and the pole had to

be abandoned, and it was decided to turn to the southward.

Then began a terrible struggle for life. Exhausted

nature began to assert itself, and on the I2th of the month

the pair slept so long that their watches run down. As

the dogs began to die from exhaustion they were killed and

fed to the survivors. At first some of them refused to eat

it, but hunger soon destroyed all scruples against canine

diet. Not until the 24th of the following July did the

sight of land gladden the eyes of the weary travelers, and

then it was but a barren snow covered shore; yet twenty-

two days of terrible struggle elapsed before the land was

reached. Almost impossible ice, lanes and pools had to

be crossed on short rations, and Nansen writes : "Incon-

ceivable toil. We never could go on with it if it were not

for the fact that we must. On the /th open water was

reached. The two surviving dogs were regretfully killed,

and after many struggles with the ice along shore, on the

1 5th of August the pair set foot on the solid earth for the

first time in two years. It was now too late for them to

attempt to travel further south, and winter quarters were

made ononeof the islands of the Franz Joseph archipelago.

Here in dull misery and squalor, the winter was passed in

a half comatose condition. They ate and slept and kept

a few observations going." Nansen's journal shows no

complaints or repinings, although for more than two years

no food except whale blubber had passed his lips. On the

1 9th of May they left their winter lair. Alter many vicis-

situdes and dangers, on June 17 Nansen heard the bark of

a dog and in a few moments was shaking hands with the

members of the Jackson-Harmsworth expedition. Their

task was ended and the victory won. The journey of

Xansen and Johansen from the Fram to their winter

quarters was, in round numbers about 500 nautical miles,
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and the distance made averaged three miles a day. The
distance from their winter quarters to the nearest fre-

quented harbor in Spitzbergen was 540 miles. Had Nan-

sen not met with the English expedition, the result in the

end must have been disastrous to him and his companion.

Truly fortune favors the brave.

Of the daring Professor A. S. Andree, of Stockholm,

there can nothing be said. Under the patronage of the

King of Sweden and the endorsement of the Czar of Rus-

sia, he started for the pole in a huge balloon in May, 1897,

and up to the present time nothing authentic has been seen

of or heard from him.

In this great international race for the north pole, the

search for the south pole has not been neglected. Ant-

arctic exploration began with the year 1820, when the

Russian expedition, under Bellinghausen, discovered the

islets of Petra and Alexandria. In 1821 Captain George
Powell discovered the South Orkneys. In 1831 Captain

John Biscoe discovered Enderby's Land, but did not get

within twenty miles of it by reason of the ice. He also

discovered Adelaide Island and landed on it. In 1838

Captain John Bellew and Captain Freena discovered a

group of volcanic islands, one peak of which rose to a

height of 12,000 feet. In 1839 Dumont d'Urville dis-

covered Terre Adelie and Cote Clair, two islands. It

remained, however, for Captain Charles Wilkes, com-

manding the United States exploring expedition during
the years 1838-42, to really discover, explore and make
certain the existence of land around the southern pole.

Towards the close of December, 1839, Captain Wilkes and

his squadron, consisting of the United States flagship

Vincennes, the Peacock, the schooner Flying Fish and the

brig Porpoise, set out for New South Wales and by Janu-

ary i, had reached latitude 43 degrees south. It was mi/3-
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summer weather for that region and preparations were

made to secure the interior of the vessels from cold and

wet, which inevitably lay in store for them. The bold navi-

gators were sailing into a sea of mystery and doubt and no

one knew what was before them. On January 3 the fog

became so thick that the flagship's horns were not heard by
the other vessels and they became scattered. On the loth

the first icebergs were met by the Vincennes, and on the

i ith she was unable to proceed for the impassable barrier

of bergs before her. In the meantime the Peacock had

reached Macquerie Island, and the Porpoise was sighted

not far off. For many days thereafter the three vessels

of the squadron skirted westward along the ice barrier.

On the 19th the officers of the flagship distinctly saw high

land, leaving no possible doubt of the discovery of the

Antarctic continent. Soundings brought up mud and great

bowlders were found on the icebergs. All efforts, how-

ever, to pass the great perpendicular wall of crystal were

futile, and after many narrow escapes from being ground
to powder by the ice, days of slow creeping through mist

and fog, the three ships pointed for the Auckland islands.

The expedition sent out by the British Government

in 1839-43 in the Erebus and Terror, under Captain

(afterward Sir) James Ross, was rich in geographical

results. The two vessels which were destined, a few years

later, to carry the ill-fated Franklin party to its doom, suc-

ceeded in reaching the latitude of 78 degrees, 1 1 minutes S.

in February, 1842, without mishap. In the first year Ker-

guelen Island was surveyed, and in the following year

Victoria Land was sighted in 70 degrees S. latitude. Pro-

ceeding southward along the coast capped with lofty

mountains, an active volcano, Mt. Erebus, 12,400 feet,

was sighted in latitude 77 degrees, 30 minutes; also an

extinct volcano, Mt. Terror, 10,900 feet, but owing- to im-
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penetrable ice barriers, further progress was impossible.

What was immediately beyond this high, perpendicular

cliff of crystal could not be imagined, and to the present

day remains a sublime mystery. With the departure of

Capt. Ross from that terra incognita of the South Polar

Sea, more than half a century ago, its darkness and desola-

tion became a memory only, although an expedition under

Borchegevink left in 1898 to attempt the solution of the

mystery.
In Asia vast progress has been made during the Cen-

tury in laying down with approximate accuracy the great

features of that stupendous continent. India has been

accurately surveyed, the task beginning in 1800 and end-

ing in 1883. The Himalayas and other features of Cen-

tral Asia are now portrayed on maps with almost absolute

accuracy as regards general outlines. Mt. Everest and

other lofty peaks have been measured, and the forbidden

land of Thibet has been invaded by a number of daring

travelers, the last and most intrepid of whom are A.

H. Savage Landor and Dr. Sven Hedin. Much of our

present knowledge of Persia is due to the daring of W.
Moorcroft and G. Trebeck in 1819-25, and of Alexander

Burnes in 1836-38. In 1838 Lieutenant Wood, of the

Indian Navy, discovered Lake Sirikol, supposed to be the

source of the Oxus. The valley of the Ganges was trav-

ersed in 1847-50 by Sir Joseph Hooker. In 1848 Eastern

Turkestan was entered by R. B. Shaw, who collected

material for a general map of that unknown country. In

1885 Chinese Turkestan and northern Thibet were ex-

plored by A. D. Carey. The coasts of China and Tartary

were investigated and accurately surveyed for the first time

by the English admiral, Collision, during the fifties, and

in 1862 Captain Blakiston surveyed the Yang-tse-Kiang

for a distance of 900 miles. In 1876-1880 extensive
VOI,. 10 21
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studies of the geography of China were made by E. C.

Baber, and in 1881 A. R. Colquhoun made a long and

perilous journey across Southern China. Mrs. Isabella

Bird Bishop's journey through the interior of Japan, in

1879, was a noteworthy feat, and contributed a vast

amount of knowledge regarding a country about which

very little had been known. In 1882 Korea was exten-

sively explored by Mr. Carles, the British consul. Prior to

1853 there was practically nothing known of Arabia. In

that year Richard Burton, the African explorer, made an

audacious visit to Mecca and Medinah. The journey was

made at the risk of his life and resulted in an extensive

knowledge of the geography of the country and much in-

formation regarding the sacred cities of the Mohammed-
ans and the pilgrims who flocked thereto.

The most daring feat of exploration on the North

American continent recorded in the present Century is

the expedition headed by Captain Meriwether Lewis and

Captain William Clarke, which was sent out by President

Jefferson in the summer of 1803 for the purpose of explor-

ing the country lying between the Missouri River and

the Pacific Ocean. This vast stretch of territory was then

in absolute possession of the Indians, and no travelers ever

set out upon a more dangerous journey. In the spring

of 1804 they began the ascent of the Missouri River, hav-

ing passed the previous winter on the banks at its conflu-

ence with the Mississippi. They could travel only by slow

stages, owing to frequent surprises from the Indians, who
showed themselves extremely hostile to the encroachments

of the whites. The second winter was passed in the

Mandans, and not until the middle of June did they reach

the great falls. A short distance above this point they

discovered the three concurring streams, which they

named Jefferson, Madison and Gallatin, in honor of th
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President, Secretary of State and Secretary of the Treas-

ury. They ascended the Jefferson to its source, and

accompanied by a guide from the Shoshone tribe of Indi-

ans, they traveled through the fastness of the mountains

until September 22, when they entered the plains of the

great western slope. On October 7 they embarked in

canoes on the Kooskoosky, which proved to be a branch

of the Columbia River, and by November 15, after many

thrilling escapes from death, they met the tide of the

great Pacific, having traveled more than four thousand

miles from the confluence of the Missouri and the Missis-

sippi. The third winter was passed on the south bank

of the Columbia River, the explorers devoting every

moment of their time to surveying and investigating the

surrounding territory. The homeward journey, with all

its dangers, was begun on March 23, 1806, and they
reached St. Louis September 23, after an absence of two

years and four months. In return for the invaluable ser-

vices rendered the nation in opening this immense terri-

tory, Congress made grants of land to all the members of

the expedition. Lewis was made Governor of Missouri,

and Clarke was appointed a member of his staff.

Few explorers have begun the careers for which they

were destined, under such romantic circumstances as did

the "Pathfinder," as John Charles Fremont is commonly
called. As a young topographical engineer in 1840 he

was engaged in Washington in preparing a report of some

minor expeditions which he had made a couple of years

before. Here he became engaged to Miss Jessie Benton,

the daughter of a Missouri Senator, much against the

wishes of her parents. Through the potent influence of

Colonel Benton, the unwelcome suitor received peremptory

orders to go to the Western frontier and make an exam-

ination of the Des Moines River. The commands were
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instantly complied with, the young officer returned, and

after secretly marrying the young lady, projected a geo-

graphical survey of the entire United States from the Mis-

souri River to the Pacific ocean. This gigantic task be-

gun May 2, 1842, was successfully accomplished in the

incredibly short time of four months. As soon as his re-

ports had been submitted to Congress he planned another

and still more extensive expedition, and in May, 1843, he

commenced a journey, the ultimate object of which was to

explore and survey the terra incognita lying between the

Rocky Mountains and the Pacific ocean. On September

6, after traveling 1,700 miles, Great Salt Lake was seen

shimmering in the distance. Up to that time nothing

accurate had been known about this great inland sea. The

upper tributaries of the Columbia were next accurately

surveyed, and the journey extended to Vancouver. Re-

turning by the Southeast route, leading from the Columbia

to the Colorado River, he found himself in an unknown

region encompassed by lofty mountain peaks. It was now
late in November, and death confronted the whole party,

forty in all. The beautiful summer land of California lay

beyond the rugged, snow clad mountain chains, but the

Indians declared that no man could cross. Exorbitant re-

wards were offered, but none were great enough to induce

an Indian to attempt to guide the party. At this juncture

Fremont won his famous sobriquet of the ''Pathfinder."

He led his company out and began one of the most thrilling

feats in history. Without a guide he crossed the terrible

barriers that stood between life and death, and in forty

days from beginning the ascent the party was at Slitter's

Fort on the Sacremento. When his half perishing men

had been restored sufficiently the homeward journey was

made. The Sierra Nevadas were crossed, Salt Lake re-

visited, and in July, 1844, Kansas was entered from the
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South Pass. In the spring of 1845 the "Pathfinder" set

out with a third expedition to explore the great basin of

the Rocky Mountains and the coast of Oregon and Cali-

fornia. The skirmishing preliminary to the breaking out

of the Mexican war prompted him to now defend the terri-

tory he had discovered and explored, and under his leader-

ship in less than a month all northern California was freed

from Mexican authority. On July 4, 1846, he was elected

Governor of California. During the progress of the

Mexican; war, he got into difficulties with his superior

military officers, was ordered to Washington, court-

martialed, and relieved of his command. Undaunted and

undiscouraged, he started out on a fourth expedition

across the Continent in October. This time the route was

along the Rio Grande, through the then unknown country
of the fierce Apaches, Comanches, and Utes. Of all his

expeditions this was the only unfortunate one. His

guide lost his way, and they were stranded far in the Sierra

Nevada Mountains in dead of winter. One by one the

horses and mules began to die and finally the men. Their

sufferings were horrible, and finally cannibalism was re-

sorted to. Fremont, with a remnant of emaciated and

half delerious men, succeeded in finding their way back

to Sante Fe. No sooner had he recovered from the effects

of his terrible experiences than he started out again with a

party of thirty, who succeeded in reaching California in

the spring of 1849 without serious difficulty.

The most important work in South America was done

by the great German naturalist, Alexander von Humboldt,

who, having left Corunna under the patronage of the

Spanish government, went to Cumana and Caracas
; thence

in February, 1800, he began his great exploration of the

Orinoco. Sailing for fifty-four days up the Magclelena
he reached Bogota and in September he began his journey
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southward through a vast country that had been practi-

cally unknown. He reached Quito, January 6, 1802, and

spent the first half of the year in studying the peculiarities

of the equatorial Republic, and in scaling and measuring
its lofty mountain peaks. The Peruvian Andes were trav-

ersed the Chimborazo was scaled to an altitude of 19,286
feet. He followed the Orinoco from its mouth to its

source and made a wonderfully accurate map of the river

and surrounding country and established the existence of

a communication between the water systems of the Orin-

oco and Amazon, determining the exact position of the

bifurcation. Aside from the geographical results of this

expedition it \vas of importance in furnishing him ma-

terials upon which he deduced great principles for the

organization of the sciences of meteorology and physical

geography. The geological and botannical results were

of almost equal importance, and these, with the observa-

tions made during his Asiatic exploration and other voy-

ages were the basis of his famous work, the Cosmos.

In 1825 Pentland, a British consul, began a series of

explorations which led him through the greater part of

Peru, Chili, and Bolivia. Like his predecessor, Hum-

boldt, he paid especial attention to the topography of the

Andes, measuring their summits and discovering num-

erous passes. The coast survey from the La Plata to Cape
Horn and around to Guayaquil was undertaken and ac-

complished in 1826-36 by King and Fitzroy, accompanied

a portion of the time by the young naturalist, Charles Dar-

win. In 1835-44 British Guiana was explored by R. H.

Schomburgk, the botanist. The rivers of the country were

traced to their sources for the first time, and the great

basins of the Amazon and Orinoco explored and mapped
out. In 1872 Patagonia was traversed by Commander

Musters for a distance of 960 miles of latitude, most of
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which had never been trodden before by European feet.

The region of the Magellan Straits was explored in 1876

by the Challenger force, who landed also in Terre del

Fuego. An adequate idea can be obtained of the vast-

ness of the research that has been brought to bear in South

American territory, when one looks at a map of that Con-

tinent fifty years ago. Not a single pass over the Andes

was shown for a distance of 500 miles between Chili and

Argentina, while to-day there are a hundred between

a latitude of 22 degrees and 35 degrees.

The exploration of Australia has been a strictly Eng-
lish enterprise. The exploration of the interior was be-

gun immediately after the founding of the convict settle-

ment in Botany Bay in 1815. The first important expedi-

tion was that led by Edward John Eyre in 1841 from Ade-

laide to King George's Sound, 1,040 miles distant. The

Darling and Murray Rivers were explored by Captain

Stuart in 1844-45, and ne succeeded in reaching a point

within a short distance of the interior of the Continent.

After this development was rapid. Augustus Gregory in

1856 ascended the Victoria River to its source, made a

long and painful journey to the Gulf of Carpentaria and

arrived at Brisbane, having marched a distance of 6,500

miles through absolutely new territory. Queensland was

explored in 1843-6 by Leichardt, and in 1857-60 the great

lakes and mountain ranges of West Australia were ex-

plored by Warburton, McDouall, Stuart, Swindon, and a

host of others. South Australia received a careful survey

and exploration at the hands of the McKinley expedition

of 1 86 1 -2. From 1875 unt^ tne present time expeditions

have been constantly in the field, opening new territory

and discovering lakes and rivers theretofore unknown.
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In no direction has there been greater progress during

the past Century than in education. The old-fashioned

school, in which the sons of the well-to-do were taught as

little learning as possible by badly educated masters,

usually of the type of Squeers, is a thing of the past.

And the greatest reform has been in the direction of the

popularization of education. Before the beginning of the

Century the children of the poor were for the most part

barred from attending even such schools as there were.

Charity schools of various types existed, but the state did

not seem to realize that one of its greatest duties was to

promote the intelligence of its citizens. With the exten-

sion of the free-school system there has been a great

change in methods of teaching. College education has

been improved, schools for instruction in agriculture in-

dustrial arts and the sciences have been established. The

blind, and the deaf and dumb have been educated, and

women have been given an opportunity to acquire as much

knowledge as may be possessed by their brothers. These

changes have been so gradual that their character and

effect has almost escaped popular notice.

"The Nineteenth Century," says Lavasseur, "is the

first which has systematized and generalized the education

of the people for the value of education in itself." It is

true that laws had been promulgated before the year 1800

regarding public education, but these laws, generally

speaking, were inoperative, and if some nations were more

advanced than others, it is still a fact that at the opening

328
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of the Century a vast majority of the people of the civilized

world could neither read nor write.

One of the reasons for the growth of popular education

has been the spread of democratic ideas and of the applica-

tion of industry to science. It began to dawn upon the

people how profitable it would be for each inhabitant of a

country to be able to communicate \vith or receive com-

munications from others through ability to read and write.

This ability once gained and used, would break down the

barriers which cut off a large part of the people from the

influence of the current of the intellectual life of the Na-

tion, and also in a measure would efface the inequality

which is caused by the neglect to provide any kind of in-

struction for the masses. There were charity schools sup-

ported by the churches or other charitable organizations
before the beginning of the Century, but these were few

and far between. Whatever education was given was

granted as a boon. To-day education is regarded as a

right in a civilized country, and an enlightened govern-
ment appreciates the fact that the illiterate cannot become

good citizens. Mental development leads to moral de-

velopment and influences physical improvement.
Since 1 80 1 the government of every civilized country

has either enacted a law or taken measures for the general

introduction of public education. In this work, if the

United States has not always led, it has made the most

progress, until, in 1897, there were 14,652,492 children

enrolled in the common schools of the United States. Yet

during the period between the revolution and in the early

years of the Century the schools of the United States were

poor and the number of people who could read or write was

small. The constitution of Pennsylvania of 1790 pro-
vided that schools should be established "in such a manner
that the poor may be taught gratis," but for twenty-six
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years the provision was disregarded and the money for

education spent upon academies for the classes rather than

elementary schools for the masses. Until as late as 1829

indigent parents had to publicly confess their poverty in

order to secure free education for their children. The
first state to establish a common school fund was Con-

necticut, in 1795, New York following in 1805, and Mas-

sachusetts in 1834. The growth of the idea of public

education was slow and in some of the Southern states,

free school systems supported by the state did not exist

until after the war of secession. When once the benefits

of free education became apparent the idea spread. Now
the little red school house is omnipresent, although the

report of the superintendent of census in 1890 said that as

late as 1840 "Massachusetts was most singly conspicuous

in the general maintenance of free schools." To-day in

all the states education is gratuitous in primary and gram-
mar schools and in some, although not all, in high schools,

while there are free universities in many of the states. In-

deed there is nothing in the United States so free as educa-

tion. In 1867 the Department of Education, afterwards

made a bureau of the Department of the Interior, was

formed. While the National Government has no control

over the matter of education, enormous aid has been given

by the great land grants for educational purposes in the

Western states.

Compulsory attendance at schools dates from 1802 in

Bavaria, and, difficult as it is to justly award credit for the

first general system of free schools, it would seem that

Bavaria is entitled to it. Laws regarding public instruc-

tion were enacted by Holland as early as 1801, and the

ordinance of 1819 in Prussia made attendance compulsory,

while other German states adopted the same idea at about

that time. Free school systems were created in the Swiss
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cantons between 1830 and 1848; Sweden's organic educa-

tion law was promulgated in 1842 and Norway gave effect

to a similar law in 1848. During the first half of the

Nineteenth Century there were school laws in some of the

Italian states, and under Louis Phillippe free schools were

introduced in France.

While church schools had existed in England the

progress of popular education was slow. Grants had been

given to schools since 1833, but the commission under the

Duke of Newcastle reported in 1861 that the existing sys-

tem reached but one-eighth part of the population, and the

attendance of even this number was irregular, and that

even in the best schools not more than one-fourth of the

scholars were successfully educated. To this investiga-

tion was due the elementary education act of 1870, by
which for the first time the English Government assumed

the responsibility of securing adequate accommodation in

public schools for all children of school age in England
and Wales. The territory was divided into school board

districts, provision made for the election of boards and the

local taxes made contributory to the work. Through the

operations of this act in six years the school attendance

\vas doubled. The present English system includes two

distinct classes of schools, board and voluntary, the former

established by boards elected by the tax-payers, and the

latter chiefly church schools, but including also a small

number of private undenominational schools. The in-

crease in the number of children in attendance at the

schools of Great Britain has been from 884,234 in 1860

to 5,015,845 in 1896.

Some of the British colonies were in advance of the

mother country in the matter of education : for instance,

the fundamental law of public instruction in Quebec went

into effect in 1841, and in Ontario in the same year. Col-
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onies under European control, such as Algeria, Austral-

asia, and India have given children the benefits of free

education by the state. During the second half of the

present Century almost all the Spanish-American Repub-
lics established school systems modelled partly on that of

the United States. With the growth of occidental ideas

in Japan, came the public school system, established by
the Mikado in 1872.

It is not alone that education has been made free

throughout the civilized world and wherever civilization

is greatest there can be found the greatest educational ad-

vantages but there has been a marked improvement in

the methods of instruction. Time was not long ago when
the teacher, as a rule, were grossly ignorant. As late as

1820 the most rudimentary knowledge of arithmetic, to-

gether with reading, was all that was taught in the free

schools of the United States, while writing was taught t

but few. At that time the goose quill was the only im-

plement known to the writing master, and he spent a large

proportion of his time in preparing the pens for the use of

his pupils. A few of these schoolmasters were men of

great scholarship for their day, but the average pedagogue
was a ponderous creature austere, dogmatic, terrible in

his wrath, and depending chiefly upon the rod, not only

for his authority, but for his success in imparting instruc-

tion. The covenant made between Johanness von

Eckklen and the town of Flatbush, Long Island, may stand

as sample of the duties required of a schoolmaster in

colonial times. In addition to his regular duties in school

he agreed to be chorister of the church, keep the church

clean, dig graves, and toll the bell. These teachers used

the birch often to cover their own deficiencies, and the

disappearance of flogging from the schools has come with

the improvement in pedagogy. The first normal school
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in the United States was founded at Lexington, Mass.,

in 1839; since then the number of public normal schools

supported by the state or municipal governments has in-

creased to 140, with nearly 35,000 students, and there

are also private normal schools with 11,000 students.

These schools have trained the teachers to make the best

of their opportunities for the education of the young, and

nowadays the important duty of teaching is not left to

men who can do nothing else, as was the case not much

longer than a half Century ago. These normal trained

teachers have brought the best methods to their aid in their

work. The methods are so numerous that we cannot go
into detail here. The comfortable, well lighted school-

room of to-day and the excellent school-books are among
the results. It is difficult to make easily appreciable com-

parisons in a few words, but it may be said that the schools

are more carefully graded, fewer pupils assigned to each

teacher, much oral instruction, scientific study, and physi-

cal exercise introduced, so that while the school year has

been shortened, holidays multiplied, and the hours of

school attendance lessened, yet in the short school year of

to-day more than double the ground is covered that was

covered in the long school year of the olden time.

A late development of the Century is the kindergarten,

although it had its germ at the beginning of the Century,

and it has done much to revolutionize the old way of learn-

ing by rote. Johann Heinrich Pestalozzi's ideas are to-

day the foundation of all the Nineteenth Century theory of

juvenile education. Pestalozzi was a quixotic Swiss,

who burned with desires to benefit humanity, and believed

that it could best be done by education. Illiterate, ill-

dressed, a bad speaker, he was utterly unfit for the every-

day business of life, and all his undertakings resulted in

practical failure. But he awoke men to a sense of re-
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sponsibility to childhood, aroused the admiration of the

world by his ideas, and his principles are being carried

out to-day, even though it is only within the last few

decades that they have met with universal acceptance.

Early in the Century Pestalozzi published his book, "How
Gertrude Educates Her Children." It is the recognized

exposition of the Pestalozzian method and sets forth that

the development of human nature should be in dependence

upon natural laws with which it is the business of every

good education to comply; in order to establish a good

teaching method it is necessary to learn first to understand

nature, its general processes in man, and its particular

processes in each individual, observation, the result of

which is a spontaneous perception of things is the method

by which all objects of knowledge are brought home to us.

This last idea contains the germ of the kindergarten sys-

tem. Pestalozzi endeavored to put his theories into prac-

tice in his own day and labored to educate the ragged chil-

dren of the poor. To-day those theories have gained

almost universal acceptance. They have influenced the

whole system of pedagogics and, developed by Froebel,

they form the corner stone of the kindergarten system.

The progress of the system was slow. The Rouges es-

tablished the first kindergarten in Germany in 1849 and in

England in 1851. In 1870 there were only five kinder-

gartens in the United States, but since then they have be-

come a part of the school system of most of the cities, and

in 1897 there were 1,157. Even in Japan kindergartens

now exist. As to the benefits of the kindergarten train-

ing, the strongest evidence is that out of 10,000

children of the toiling classes who received kindergarten

education in one of the largest cities many years ago, only

one has been arrested and he was discharged.

Higher education was more greatly developed at the
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beginning of the Century than was primary education.

While high schools were lacking there were academies in

the civilized countries and many of the colleges are cen-

turies old. But there has been a great improvement in

college education. The standard for admission has been

gradually raised and the course is more thorough. The
student in the college is able to receive the results of the

ripest scholarship of the world, from men who have aided

in its progress and thus new generations of scientists and

thinkers are being constantly trained to aid in the devel-

opment of mankind. The improvements cannot here be

traced in detail, but in the United States, which will do as

^ type of those of the world, there has been an increasing

freedom in elective studies enabling the student to follow

his bent and specialize his studies, laboratory methods of

instruction, lecture instruction, researches in and a grow-

ing conviction that the university is primarily a place for

instruction and not for the formation of moral or religious

character.

The growth in the number of colleges and universities

in the United States has been phenomenal. There were

about thirty in the United States in 1801, and they prob-

ably did not have more than three thousand students, who
studied for the most part such courses as are now pursued
at academies. In 1897 there were 472, with 155,091 en-

rolled students in all their departments. Not only have

the number of colleges enormously increased, but the mag-
nificent endowments and public grants have placed funds

at their disposal which have vastly increased their useful-

ness.

A feature of the universities has been what is known
as university extension. The purpose of the movement,
which was originated by the University of Cambridge,

England, in 1872, is to extend the advantages of university



336 REMARKABLE ACHIEVEMENTS

instruction by lectures and classes to those who are en-

gaged in the regular occupations of life. Its success in

England led the University of Pennsylvania to institute a

similar plan in the United States at Philadelphia, and its

success in Philadelphia led to its gradual dissemination

throughout the country.

Another development of the Century has been the es-

tablishment of agricultural, commercial, scientific, and

industrial schools. The first agricultural school was that

established by Count Fellenberg at Hofwyl in Switzerland

in 1799. The idea then sown has borne fruit, until now

agricultural schools exist in all of the civilized nations.

Germany and Switzerland led in the establishment of

technical schools, which owed their origin to the endeavor

to train men to compete with those trained in British work-

shops. Little technical training could be had in a uni-

versity in those days, although scientific schools are a part

of nearly every such institution. Among the earliest de-

velopments of the Century are the polytechnic schools at

Zurich, Munich, Vienna, Stuttgart, Hanover, Dresden,

Berlin, and Moscow. The first of them all was the Ecole

Polytechnique of Paris, but that was intended primarily

to train men for the artillery and engineering corps of the

French army.
Civil engineers had to go abroad to study before the

Rennselaer Polytechnic Institute was established at Troy,
N. Y., in 1824, with no dead or foreign language in its

curriculum. In 1826, twenty-five students were regis-

tered, while now more than 20,000 are attending the

courses. The Sheffield Scientific School of Yale Uni-

versity was established in 1847, the Lawrence Scientific

School of Harvard in 1848, and the Chandler Scientific

School of Dartmouth in 1852. The land grants of 1862

by Congress encouraged this system of education and
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scientific courses were added to the state universities,

while Columbia organized its School of Mines, Washing-
ton University of St. Louis its School of Engineering, and

in 1 86 1 the Massachusetts Institute of Technology opened
its doors. In 1871 the Stevens Institute of Technology
was founded at Hoboken, and the Green School of Science

was established as a branch of Princeton College. The

growth from that day has been steady until now, in practi-

cal scientific education, the United States ranks with the

best in the world.

Trade schools, designed to develope trained craftsmen,

are new, and in these Germany and Switzerland also led.

In Germany there are now schools to teach every trade;

there are building schools, weaving schools, metal work-

ing schools, schools for designers, wood-carvers, molders,

founders, turners, pressers, engravers, etchers, gilders,

etc., etc. The industrial arts have been developed to

achieve wonderful results. France, Austria, Belgium,

and Holland have also excellent industrial schools. In

Great Britain the first school of design was opened at Som-

erset House in 1837, and since then many scientific and

technical schools for industrial education have been estab-

lished. Trade schools in the United States began with

the New York trade schools, founded by Robert T. Auch-

mutty in 1881, which were commenced simply as night

schools. Since then about a dozen similar schools like the

Pratt Institute in Brooklyn, the Textile School, and the

Drexel Institute in Philadelphia, and the Armour Institute

in Chicago, have been established, while many of the scien-

tific schools supply to some degree the desire for a techni-

cal training for those who wish to gain knowledge for

application in trades.

Commercial education by the state has not been de-

veloped to as great extent in the United States as in Ger-
VOI,. 10 22
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many and elsewhere on the European Continent. Yet

many good business schools have been established in the

larger cities where young men and women are taught the

rudiments of commercial education.

Manual training in the schools owes its introduction

largely to the success of the ideas of Froebel. The labora-

tory method of instruction was first applied to the me-

chanic arts in the Imperial Technical School at Moscow
under its director, Victor della Vos, in 1868. But manual

training or slojd, as we know it to-day, was first com-

pletely worked out in Sweden, commencing in 1876.

There are now over 700 schools where slojd is taught, and

from Sweden the idea has gone to all countries. Wood-
work is taught the boys and needle-work and cooking to

the girls. The first instruction of sewing in free schools

was given in those of France in 1867.

In the United States manual training is now not only

taught in the industrial schools, but children in the gram-
mar grades of the larger cities are given lessons. They
make little things that they are allowed to take home. The
idea is not to fit them for a trade, but to train the hand as

well as the brain, and the work is small work, without any
division of labor, as there would be in the actual prosecu-

tion of the trades for pecuniary profit.

Professional schools are also a development of the

Century. There was no school for the training of the

physician or surgeon in the early days of the Century, and

the lawyer read law in an office. The increase of knowl-

edge has made greater application necessary for its

mastery, and this has made the professional schools in-

dispensable.

In no direction has there been greater progress than in

that of the education of women. The report of the Eng-
lish Royal Commission of 1864 declared that the best edu-
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cation for the female mind was then believed to be steady

application to vocal and instrumental music and to the

subject of ladylike manners and deportment. Instead of

gymnastics or games, instruments of torture for modeling
the figure were used. In 1849 Bedford College was
founded in England chiefly through the influence of Mrs.

Reid. Women were not admitted to university examina-

tions in England until 1867, when the doors of the Uni-

versity of London were thrown open and, in 1871, Miss

Clouch opened a house for women students in Cambridge,
which in 1875 became Newnham College. Women were

formally admitted to Cambridge in 1881 and somewhat
similar privileges were given at Oxford in 1884. The
two earliest women's colleges in the United States are gen-

erally reported to be Mount Holyoke, which dates from

1836, and was organized by Mary Lynn, but it had for its

curriculum merely an academic course, and this is true of

the Georgia Female College, opened at Macon, Ga., in

1839. The first institution in the world designed to give
women a full collegiate course was founded at Pough-

keepsie, N. Y., in 1861 by Matthew Vassar and it was

opened in 1865. The first co-educational institutions

were Antioch and Oberlin Colleges, but during the last

generation co-education has met with growing favor, until

now more than half the colleges of the United States admit

women as well as men. Having gained a collegiate

education the women sought admission to the pro-

fessional schools, which they have gradually secured, until

now women lawyers and physicians are quite common in

the larger cities. The growth of the higher education of

women abroad has been slower, but gradually the idea is

extending, until within another generation women every-

where are likely to have the same educational advantages
as men.
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The Nineteenth Century educator has turned his atten-

tion to the education of the defective classes, the blind and

the deaf and dumb. Remarkable progress has been made
in this direction. Systematic attempts to educate the deaf

and dumb has been made as early as 1570 by Pedro de

Ponce, a Benedictine monk, yet little headway was made

until near the close of the Eighteenth Century, when the

schools at Paris and Edinburgh were opened. The first

institution for the education of the deaf and dumb in

America was opened under Dr. T. H. Gallaudet at Hart-

ford, Conn., April 15, 1817. A church for the deaf and

dumb \vas opened in London in 1870, and in 1876 Rev.

Henry W. Syle, the first deaf and dumb person to be or-

dained to the ministry, was given orders in the Episcopal

Church at Philadelphia. The adoption of what is known

as the visible speech method, by which the deaf are taught

to read the words of speakers by the movements of the

lips, owes its suggestion to Alexander Melville Bell, who

explained his ideas before the London Society of Arts,

Alarch 14, 1866.

The first public school for the blind was established at

Paris in 1784 by Valentine Hauy, and he began printing

for the blind in raised characters in 1786. The whole

Bible in raised characters was first printed in 1848 at

Glasgow. Education for the blind has so developed that

the sightless may be taught to do many things that seem

almost incredible. Not only can they study almost any-

thing that other human beings do, but they are able to play

tag and shinny with all the energy of youth. Books for

them are not now printed in characters like those used

l)v those who can see. By the Braille system, which now

is used almost universally, arbitrary characters are em-

ployed which arc more readily detected by the fingers than

are the Roman characters. Instruction is given by utiliz-
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ing the sense of touch to the utmost, and this has been

capable of some almost miraculous developments. The
most remarkable known case of the education of the blind,

deaf, and dumb is that of Helen Keller, whose story seems

almost incredible. Miss Keller, blind and deaf, having
never heard human language, has learned to speak and

write French and German as well as a native of France or

Germany. Her English, too, is perfection. She has read

all the great authors, can recite Shakespeare, Goethe, and

Hugo, writes good poetry herself and knows a good deal

of Greek and Latin. To accomplish this marvelous re-

sult years of infinite toil and patience were spent by her

and her interpreter and friend, Miss Sullivan, who, before

undertaking the instruction of Helen, was a pupil teacher

in a deaf-mute institution. The teacher began by estab-

lishing a sort of telegraph code between herself and her

pupil in the form of ringer taps on the palm of the little

girl. Helen learned to give utterance to language by

placing her fingers on Miss Sullivan's lips, face and throat,

and then imitating the motions made by her teacher with

the same muscles. She rides a bicycle and is going to

Radcliffe College, the annex of Harvard, the preliminary

entrance examinations for which she has already taken.



MEDICAL SCIENCE, HYGIENE, AND SURGERY

To the sick and suffering science has proved, in the

Nineteenth Century, an angel with healing in its wings.

The healing art, in all its branches, has made more prog-

ress during the last hundred years than it had made in all

the history of the world.

The Egyptians were possessed of many of the secrets

of medicine as long ago, or longer, than 4000 B.C. From

them the Israelites learned the principles of their medical

practice and with the Israelites, as with the Egyptians, the

priesthood prescribed for the sick. In India, in the Elev-

enth Century B.C., the healing art appears to have been

better understood than it was by either the Egyptians or

the Israelites, but it was still empirical. Greece was the

birth-place of rational medicine, which traveled, by way
of Alexandria, to Rome. After the fall of Rome, the

Arabians, those true disciples of science, kept alive the

torch of medicine. Expert chemists, they made an espe-

cial study of pharmacy and of drugs, founding apothe-

caries' shops and the pharmacopoeia. During the dark

ages the Jews and the Mohammedans were the skillful

physicians. The Jews retained many of the sanitary and

hygienic ideas of the Pentateuch at a time when such ideas

were sorely needed. Latin translations of Arabian ren-

derings of Greek works on medicine helped Europe to

recover its knowledge of the medical lore of antiquity.

The study of anatomy, of physiology, and of medical bo-

tany began and very gradually the foundations of true

medical science were laid. Ambrose Pare, who died in

1590, is called the father of modern surgery. In 1628

342
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William Harvey explained the circulation of the blood,

with the effect of setting many ingenious minds to work at

trying to place medicine on a physiological basis. The

Eighteenth Century was mainly spent in efforts to con-

struct a theoretical system of medicine, but the acquisition

of positive knowledge did not stop.

Yet at the beginning of the Nineteenth Century medi-

cal science and its practice were in a state difficult to realize

in this day of education and enlightenment. The most

learned physician was a babe in knowledge compared with

his brethren of to-day. In England medical practitioners

were divided into three classes, physicians, surgeons, and

apothecaries, most of whom had some knowledge of their

profession, although libraries were few and medicine gen-

erally in its infancy. Still they had received a technical

education and had been examined before admission to prac-

tice. But beneath these was a host of empirics who prac-

ticed without diplomas surgeons, apothecaries, cuppers,

leechers, herb-doctors, who were most harmless of all,

men-midwives, and dispensers of drugs. It was because

of these charlatans that the first advance toward improve-
ment was made. It came from the doctors who were

actuated by motives both selfish and altruistic. Some

earnestly desired to benefit mankind, others objected to

their un-diplomaed competitors only because they inter-

fered with their practice. Both classes of reformers, how-

ever, worked to the same good end. The Society of

Apothecaries took precedence of both the College of Physi-

cians and the University of Surgeons, in the good work,

and it was through its efforts that the Apothecaries' Act

was passed in Parliament January 15, 1815. This de-

clared it necessary that every medical man should give

evidence that he possessed some knowledge of his profes-

sion before he began to practice, and that all apothecaries
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should be licensed. The act was enforced with much wis-

dom, and so began a revolution in medicine.

Anatomy soon showed the effect of the new state of

affairs, for a thorough knowledge of the human body was

insisted upon as a qualification for the practice of medicine.

But the obtaining of subjects for dissection was attended

with great difficulties. Bodies had to be imported from

abroad and body-snatching, dangerous as it was, was often

the only means by which subjects could be procured. In

the United States, where only skeletons could be brought
from abroad, this was still more the case, and when the

medical school was opened at Harvard College a single

body did duty for a year's lectures in anatomical dem-

onstration. Students were forced to learn from books

without the aid of practical demonstration and doctors

gained knowledge through mistakes, killing not a few

patients in the course of their experiments. People were

bled for fevers and for fainting fits
;
ten grains of calomel

was a usual dose for an adult, and cases of salivation, with

the loss of teeth were of common occurrence. Still the old

country doctor, whose saddle-bags were the only drug
store within twenty miles, who was every one's friend and

who, for a radius of ten miles or more, ushered all the

babies into the world and closed the eyes of the dead, was

a power in the land, who ranked next to the justice of the

peace, if he was not himself one, and to the minister. He
did his best for all his patients, and thought far more of

their good than of his fee, often riding ten miles for less

than the physician of to-day asks to step next door. With

tears in his eyes, he refused cold water to his fevered

patients, and denied fresh air to weak lungs, from the

kindest of mistaken motives.

Most of the remedies in his saddle-bags are unknown

to the present generation, and he had few or none of the
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weapons with which the medical men of to-day fight dis-

ease and death. Laudanum was the best sedative in his

pharmacopoeia, while prior to 1820, he knew quinine only
in its original form as Jesuit's or chinchona bark, which,

administered in powder, called for such large doses, and

was so costly as to be practically useless to the masses.

Anaesthetics were unknown until 1846, when sulphuric

ether first was used, and there were no antiseptic bandages
and no surgical cotton. Well people took huge doses of

sulphur and molasses and of jalap, in the spring, to clear

their blood. As a rule, it was believed that the efficacy of

a drug was in exact proportion to its nauseousness, and no

one had faith in small doses.

A college course in the early part of the Nineteenth

Century was expensive and not obligatory. To have

"read with a doctor" was all that the law required for the

granting of a license to practice medicine. In a doctor's

office there were usually one or more students whom he

taught what he knew, to the best of his ability ;
what they

learned depended on their own. There were compara-

tively good medical colleges in Paris and in Vienna in

which clinical surgery and medicine were taught. The

intellectual awakening resulting from the French Revolu-

tion gave an impetus to reform in France, in which medi-

cine participated. Marie Francois Xavier Bichat, who
died in 1802 when only thirty-three years of age, in his

short life-time, through his "Anatomic generale," supplied

a new basis for the science of disease. He was followed

by Broussais and Bonillard, who tried to find an anatomi-

cal basis for all disease. Broussais is noted for his ex-

planation and treatment of fevers, which led to a great

misuse of bleeding. It is recorded that he used 100,000

leeches in his own hospital wards in one year.

Avenbrugger, of Vienna, invented direct percussion in
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the Eighteenth Century. Mediate percussion was intro-

duced by Piorry in 1828. Supplemented by auscultation,

it revolutionized the methods of medicine, making possible

exact diagnosis. Auscultation is accomplished by means

of the stethoscope. By its use it is practicable to deter-

mine the condition of heart and lungs by listening to the

sounds produced by their movements. This valuable in-

strument was in general use abroad long before the aver-

age English or American practitioner availed himself of it.

The discovery of anaesthesia conveyed a priceless boon

to mankind. Chloroform was discovered in the early

thirties by Gruthrie in America, Liebig in Germany, and

Soubeiran in France, but not until 1847 was it used as an

anaesthetic. In 1839 the surgeon Velpeau wrote:

"The escape from pain in surgical operations is a chim-

era which it is idle to follow up to-day. 'Knife' and 'pain'

in surgery are two words which are always inseparable in

the minds of patients, and this necessary association must

be conceded."

Yet. during the next few years, various discoveries

revolutionized the practice of surgery and banished the

inten?e agony caused by the knife. In 1844 Horace

Wells, n Massachusetts dentist, inhaled nitrous oxide and,

while he was under its effects, a brother dentist painlessly

extracted a tooth. In 1846 William Thomas Green Mor-

ton, another dentist, made use of ether as an anaesthetic.

It has been claimed that he was not the discoverer of the

anaesthetic properties of sulphuric ether, and that Dr.

Charles Thomas Jackson revealed to him the secret.

However this may be, William T. G. Morton obtained per-

mission from Dr. John Collins Warren to etherize a patient

on whom the physician was going to operate. This was

done in 1846 at the Massachusetts General Hospital.

From Boston the use of ether in connection with surgery
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spread to all parts of the world. In 1847 Dr. James

Young Simpson, of Edinburgh, inaugurated the use of

chloroform as an anaesthetic. We are told that, while yet

a boy studying medicine, Simpson was so overcome by
the sight of the sufferings of a woman undergoing a surgi-

cal operation, that he resolved to abandon the profession,

feeling that he could never learn to endure such sights.

But, happily, he altered his decision, determining rather to

devote himself to finding something to alleviate or banish

the pain of those under the knife.

In those days it was a matter of pride with the surgeon
to use the knife quickly and dexterously, so as to perform
an operation with the infliction of as little pain as possible.

Sir Robert Liston won a brilliant reputation throughout

Europe for the extraordinary rapidity with which he could

perform the most difficult surgical feats of the day. It is

said that he could amputate a thigh in less than a minute.

Liston died at the height of his fame in the year that Simp-
son introduced chloroform as an anaesthetic. It is pleas-

ing to know that he had the extreme pleasure of using

anaesthesia before he died. Operations in the days before

patients could be "put to sleep" were torture to the sur-

geon as well as to the patient. In December, 1846, the

great surgeon administered ether for the first time in the

theater of the University College Hospital. When the

operation was finished, according to an eye-witness of the

scene, "everybody seemed pale and silent except Liston,

who was flushed and so breathless that when he broke the

silence with the word, 'Gentlemen,' he almost choked."

Simpson did not consider ether an ideal anaesthetic and

continued his experiments after the use of it. He finally

found what he wished in chloroform, which he held was

particularly adapted to his own department of practice,

midwifery. A relative of Simpson's family, Miss Grind-
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lay, tells a dramatic story of his announcement of his dis-

covery. She says that one day he came quickly into the

dining-room and, taking a glass from the sideboard and a

tiny phial from his pocket, poured a few drops from the

phial into the glass, saying, ''See, this will turn the world

upside down." Then, inhaling the liquid, he fell down

unconscious, greatly frightening the family.

Many objections were opposed to the use of anaesthe-

tics. Among others it was seriously argued that as pain

was part of the curse of Adam and Eve it was wicked to

abolish it. Simpson was ready with an answer to this

extraordinary objection. He showed how God himself,

when he performed the first surgical operation that of

taking a rib from Adam's side, in order to make woman
caused the man to fall into a deep sleep.

Ether is preferred as an anaesthetic in America, and

chloroform is the favorite in Europe. Through their use

wonders have been wrought. Not only are the pain of

patients minimized and the evil effects of its dread ban-

ished, but the operator is no longer obliged to hasten his

work unduly. He is enabled, unhindered by the suffer-

ings and struggles of those under the knife, to proceed

slowly and cautiously, with minute attention to detail.

All this renders possible operations which could not have

been performed in the old days and in the old ways.

Just here antiseptics step in and immeasurably increase

the scope and lessen the danger of surgery. Blood-poi-

soning and other terrible results used to follow almost

unfailingly certain sorts of wounds. Simple fractures in

which the skin was unbroken used to heal easily and well,

but, if there were even a slight break of the skin, the wound

would fester and cause great trouble. Amputations were

considered necessary in numerous cases which the surgeon

of to-day finds simple. Such amputations were followed
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apallingly often by gangrene or other putrefactive pro-
cesses. Louis Pasteur led the way in discovering that

germs or microbes from the air caused the festering and

poisoning of wounds. In 1867 Joseph Lister first pub-
lished his experiments on the antiseptic treatment of

wounds. He thoroughly appreciated the work of Pasteur

and, applying his theory to the process of healing, recog-
nized that living organisms must be excluded from

wounds. On this basis he founded a system of antiseptic

surgery which has almost done away with pyaemia, sep-

ticaemia, gangrene, and erysipelas, and greatly reduced

the mortality in hospitals. Statistics show that in 1861

in the hospitals of Paris, there were three deaths resulting

from each five cases of amputation, and the state of affairs

in Great Britain, Germany, and Austria was almost as bad.

After Lister's introduction of his methods into his hospi-

tal wards in Glasgow, the death rate after major amputa-
tions fell from 45 to 15 per cent in two years. Later it

fell lower still.

In 1 88 1 Professor Koch, of Berlin, announced to the

scientific world that perchloride of mercury or corrosive

sublimate was a more powerful antiseptic than thymol,

eucalyptus oil, iodoform, and boric, salicylic and carbolic

acids, which were all in use. This and carbolic acid are

now the usual antiseptics. The hands, the clothing, instru-

ments of the operator and his assistants are carefully ster-

ilized before an operation is performed, and the atmos-

phere is impregnated with an antiseptic. Such treatment

is called aseptic and does away with the necessity for dis-

infecting the wound with chemicals. Armed with anti-

septics or the precautions of the newer aseptic methods

the surgeon can perform feats which were scarcely imag-
ined half a Century ago.

Diseases of the bones and joints are wonderfully
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dealt with. Hip disease, so long thought incurable,

is, in its milder forms, completely banished without

any evil effects
;
in its severer aspects a few inches of bone

are sacrificed and the patient recovers, possessing, it is

true, a shortened limb, but one strong and well. Henry

J. Bigelow (1852) was the first surgeon in the United

States to perform this operation of excision of the hip

joint. "White swelling," or scrofulous, or tuberculous dis-

ease of the knee no longer entails the loss of the thigh,

instead merely the diseased tissues or articulation is

removed. Hideous deformities which used to be entirely

irremediable are amenable to the surgeon's skill. Humped
backs and lateral curvature of the spine are overcome

by enveloping the patient in a jacket formed of crinoline

covered with wet plaster of Paris. The subject hangs
with both hands from a bar while he is encased in this.

The jacket hardens, and is left on
;
from time to time, it

is replaced by another and, at last, the crooked back is

straight. Club feet are made symmetrical by the wise use

of the knife applied to contracted tissues or misshapen
bones. Bow-legs and knock-knees and other deformities

of the limbs are straightened by the surgeon's boldly

cutting across the crooked bones, putting them in proper

position and ensuring their correct growth by encasing

the limbs in plaster of Paris and leaving them to the heal-

ing of nature. These wonderful benefits are not for the

wealthy alone, for there are charitable institutions to

which the poor may apply and receive help.

If a fracture of a bone of the arm or leg refuses to unite

or mends improperly the surgeon lends his aid and, cutting

down to the refractory fragments of bone, drills and joins

them with silver wire or lends them the support of a silver

splint held in place by tiny screws. The wound is closed,
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the broken bone heals, and the silver becomes embedded
in the tissues, where it is left.

The United States has led the way in the ligation of

the larger blood-vessels. Some of the Americans who have

gained distinction by the performance of such feats

each one of which was a triumph of surgery are Amos
Twitchell (1781-1850), first to tie the primitive carotid

artery; John Syng Dorsey (1783-1818), first American

to tie the external iliac artery; William Gibson (1784-

1868), first to tie the common iliac artery; Valentine Mott

(1785-1865) tied the arteria inominata; J. Kearmey Rod-

gers (1793-1857) tied the left subclavian artery between

the scaleni in 1846; John Murray Carnochan (1817-

1887) ligation of the femoral artery in 1851; Hunter

McGuire tied the abdominal aorta in 1868. This had been

accomplished, in 1817, by Sir Astley Cooper. Not only
are such wonders wrought with blood-vessels and frightful

hemorrhages prevented, but cases of internal aneurism

which were formerly thought hopeless are now cured.

In dealing with nerves the modern surgeon has none of

the dread which forbade the old-time practitioner to

touch them. Nerves are spliced and sewed so that evil

results from accidents to them are entirely prevented and,

for the cure of obstinate neuralgia, surgeons actually

penetrate to the root of the disease in spinal column or

skull. In 1856 John Murray Carnochan performed the

exsection of the superior maxillary nerve beyond the

ganglion of Meckel.

Skin-grafting is another performance of the Century.

Ulcerated or otherwise diseased surfaces on a patient's

body are supplied with healthy cuticle transplanted in

small portions from other parts of his own body or from

other individuals. Injuries which were pronounced incur-

able in former days are thus entirely healed. The French
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surgeon Reverdin is especially celebrated in connection

with skin-grafting on ulcerated surfaces.

The large cavities of the body are all reached by the

surgeon's knife. He excels in abdominal operations. He
cuts into a kidney or the liver and sews them up again

with ease. He can remove one of the kidneys from the

body, if necessary, leaving the other to do its work. Or
if one of these organs becomes dislocated the surgeon sews

it into place. The gall-bladder, the spleen, and the pan-

creas can each be excised and many inches of the intestine

can be cut away. Indeed, in some cases several feet of the

intestine have been removed with the successful re-

establishment of the alimentary canal. It was William T.

Bull who first showed that intestinal wounds can be

mended with needle and silk. It is a difficult piece of work

and must be accomplished quickly enough to prevent leak-

age of the contents. Surgical needle-work is so deftly per-

formed that even the suturing of longitudinal wounds of

blood-vessels is done. Professor Horoch, of Berlin, has ac-

complished wonderful feats in the suturing of veins and

even arteries. Tumors are removed from the brain, the

skull being opened for the purpose, as well as for the stop-

page of intracranial bleeding and for the treatment of

intracranial abscesses. Lately, surgeons have been trying

to cure epilepsy by trephining operations to remove the

pressure on the brain, which is thought to be the cause of

that disease. The thorax is penetrated for various rea-

sons; sometimes for banishing empymea, and sometimes

for operations on the lungs. A wound in the heart has

been considered, throughout the ages, absolutely fatal.

But Dr. Rehn, of Frankfort-on-the-Main, successfully

demonstrated that such is not necessarily the case. He
sewed up a cut in the heart occasioned by a knife thrust,

and his patient recovered. Thus the very "tripod of life,"
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as Bichat called the brain, the heart and the lungs, are the

subjects of the surgeon, who over and over saves a life

by his daring and skill where death were else the only
chance.

The modern surgeon has a valuable ally in electricity,

not only in the treatment of disease, but as an aid to diag-

nosis. The French scientist Trouve was experimenting
with fish when he discovered a way of illuminating the in-

terior of their bodies so that their entire internal anatomy
was visible. A fish was tempted to swallow a small electric

light bulb which could be withdrawn from its stomach at

the will of the scientist, who had attached to it a wire.

Trouve was delighted with his invention, which enabled

him to study the interior organism of his fish, but the glass

bulb was put to another use by a physician who saw it

applied to the fish. He persuaded a dyspeptic patient to

swallow such a lighted bulb, and found that he could, in

a darkened room, see what was the matter with his stom-

ach. The cancer in the stomach of the Count of Paris was

discovered in this way. The physicians talked of supplying

the count with the stomach of a lamb instead of his own
diseased organ, but the risk was so great that the idea was

abandoned. It is a common thing nowadays to examine

the interior of the bladder with an electric light. The

throat is inspected, a search-light being thrown into the

wind-pipe to find out if there is anything the matter with

that organ. Instruments of the greatest delicacy have

been made for removing abnormal growths from the throat

when they have been revealed by the electric light. To the

layman, however, the most striking use of electric light

in surgery is the illumination of the body to discover if

anything is wrong with the pharnyx or other cavities

behind the face. The whole mask of the face is illum-

Voi,. 1023
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inated by an electric bulb, and the result is ghastly to tfie

observer.

More wonderful in its results has been the application

of the Roentgen Ray to surgical operations. Frederick

Strange Kolle, one of the most prominent of the newly

arisen specialists in radiography, gives eight uses to which

the X-rays can be applied in medicine and surgery. These

are : To study normal anatomy; to preserve the relations

of fragments in fractures of bones; to study and diagnose

its locations; to study and diagnose diseased bone; to diag-

nose anchylosis of joints; to locate foreign bodies, i. e.,

bullets, needles, glass, wood, etc., in flesh or bone; it is

of diagnostic value in cases of tumors or enlargements of

inner organs, such as the spleen, liver, kidney, heart, etc. ;

in obsetrics radiograms may be used to show the exact

relations between the bony pelvis and the foetus in utero.

The fact that certain forms of disease are caused by
low organisms was suspected long ago, and expressions

of the theory are found in ancient writings. Neverthe-

less, the establishment of the germ theory of disease and

the science of bacteria is recent. Bacteria were described,

in the Seventeenth Century, by Leeuwenhoek, who discov-

ered some forms of them, notwithstanding the imperfec-

tion of his microscope; but the study of bacteria made little

progress until nearly the middle of the Nineteenth Cen-

tury. The phenomena of fermentation had attracted the

attention of scientists, and there was much discussion of

the process and its cause. In 1836 Cagniard-Latour de-

tected and described an organism, the yeast plant, on which

depends the process of fermentation. The same discov-

ery was made by Schwann, in 1837, and was confirmed

in 1843 by Helmholtz. Louis Pasteur elaborated the

doctrine through a long course of painstaking experi-

ments, and many other scientists, notably Schultz, Schroe-



MEDICAL SCIENCE 355

der, Dusch, Lister and Tyndall, added their quota to its

establishment. It was shown that fermentation is caused

by the presence of such organisms, which grow and mul-

tiply in the fermenting fluid. Through the valuable aid of

the microscope, other low organisms were also discovered

and examined, and it was found that many diseases of

plants and animals are caused through such agency. In

1848 Fuchs discovered bacteria in animals which had died

of septicaemia, and in 1849 Pollencler observed rodlets in

the blood of animals sick with anthrax or splenic fever.

Soon after, Davaine identified those rodlets as the specific

virus of the disease. They are called bacillus anthracis.

This was substantial proof of the germ theory. Mainly

through the researches of Koch, the life history of various

bacteria has been made known. In 1882 the bacillus

tuberculosis was discovered by Koch, and asserted to be

responsible for consumption. The bacillus of cholera was

discovered also by Koch in 1883.

Bacteria pervade the world, and are to be found in

all three kingdoms, animal, vegetable and mineral, and

wherever the conditions are favorable, they develop and

multiply. They are breathed in the human body with

the air or are swallowed with every mouthful of food that

is taken. If they meet with the proper conditions for their

growth and reproduction they may do vast harm. Once

in circulation they may be carried to every part of the

body and injure its organs. It has recently been discov-

ered that the white corpuscles of the blood are living organ-

isms, which are ever on guard to overcome harmful bac-

teria. The leucocytes, as these white corpuscles are called,

are generated by the spleen. They do their work well as

long as the bacteria are not too numerous or malignant

for them, which is seldom the case when food is good, air

and water are pure, and proper sanitary rules are observed.
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Bacteria are sedulously studied by scientists who hope
to discover the proper means of preventing disease by

germ destruction or by inoculation. Thus in 1894 was

discovered the antitoxin cure for diphtheria. In order

that such profitable investigation may be carried on, much

ingenuity is devoted to the cultivation of bacteria, and

many ways of securing complete isolation of each kind

of bacterium have been introduced. Not only is it neces-

sary to carefully examine each specimen, which is cleverly

accomplished by methods of staining, but the life history
of each micro-organism must be carefully watched

throughout its stages. The micrococci or sphaerobacteria
are the kind of bacteria found most often in connection

with disease. The bacterium usually is distinguished by
the name of the disease of which it is the exciting cause.

Among the remarkable results of Louis Pasteur's re-

searches is the method of preventing hydrophobia by inoc-

ulation, liis first experiment was the inoculation of two

rabbits with mucus from the mouth of a child who had

died of hydrophobia. This was in December, 1880.

Nearly five years after, in July, 1885, the first human be-

ing was inoculated for the prevention of the dread disease.

This was Joseph Meister, an Alsatian child, who had been

severely bitten in fourteen places by a mad dog. Eminent

Parisian physicians pronounced the boy almost certain to

idie of hydrophobia. Pasteur treated Joseph with daily

injections of a series of spinal cords of rabbits who had

been inoculated, beginning with one kept so long that it

was too weak to harm even a rabbit, and ending with one

virulent enough to give a large dog the rabies in eight

days. The successive inoculation lasted thirteen days and

prevented the boy's having hydrophobia.
A special feature of the medical science of the present

era is its tendency towards specialization. This has given
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rise to physicians who devote their entire energies to a

chosen branch of their profession. Ophthalmology, or

the science of the eye, has been carried to a remarkable

state of development. Von Helmholtz, the famous German

scientist, has been called the "father of the modern school

of ophthalmology." He revolutionized the science by the

invention of the ophthalmoscope. This is a disk-shaped

mirror with a small hole through the center, and is used

for examining the interior of the eyes. The physician seats

the patient beneath a lighted lamp, and throws a reflected

ray of light into the patient's eye, and perceives the in-

terior of the eye illuminated by the ray of light. He can

then see how things are, both inside and outside of the

organ, and prescribe accordingly. The eye is more thor-

oughly understood than any other organ of the body,
which is well, for, owing to its complicated structure and

extreme delicacy, it is peculiarly liable to disease and in-

jury. Many diseases which were thought incurable until

within the last fifty years, are now constantly remedied.

Errors of refraction, such as myopia or short-sightedness,

and hypermetropia or far-sightedness, were not well un-

derstood until Franz Cornelius Bonders, professor of

physiology at Utrecht, published his work on ''Anomalies

of Accommodation and Refraction of the Eye." Long
before the Christian Era artificial eyes were made of gold,

silver, copper and ivory. To-day they are made so ingen-.

iously that it is difficult to detect their presence. The

finest ones are made in France, of a superior kind of por-

celain, by a secret process. Others are manufactured of

glass and come from Germany.

Dentistry is almost entirely a growth of the Nineteenth

Century, and a marvelous growth it is. It is claimed

that the ancient Egyptians were familiar with some of the

methods of modern dentists, but the fact has never been
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adequately proved. The Greeks and the Romans under-

stood a few principles of dental science, and were able to

relieve pain and to make false teeth. During the Middle

Ages and for long afterward, dentistry shared the fate

of medicine and surgery, and made almost no advance;

in fact, for centuries its estate was far lower than it had

been in ancient times. The barber was the dentist as well

as the surgeon, after the Church of Rome forbade priests

and monks to perform bloody operations. But surgery
rose to the dignity of a profession long before dentistry

was regarded as a calling which a gentleman could prop-

erly follow. Nor is this to be wondered at when the state

of its practice is considered. Pulling teeth and plugging

them, as the rude filling of the time was fitly called, were

its principal operations.

The American dentist has led the way in the perfection

of his art, and he is justly celebrated all over the world.

The first native dentist in the United States is supposed
to have been John Greenwood, who began to practice in

1788. Thirty-two years after there were one hundred fol-

lowers of his calling in the United States; in 1892 there

were 18,000. So important has the science of the teeth

grown that from 1800 to 1892 there were published two

hundred volumes devoted to that subject alone. The first

dental school in the United States was chartered by the

Maryland Legislature in 1839. Since then colleges and

schools of dentistry have sprung up all over the land. If

there are as good dentists in other countries as there are

in this it is largely due to the fact that they have been

trained in American schools. Men come from all over

the civilized world to the United States for higher educa-

tion in dentistry. American ingenuity has invented

numerous mechanical aids to the practice of the art. From
1880 to 1890 over 500 dental instruments were patented
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at Washington. In his methods the dentist is well abreast

of the times, so that what were considered wonderful

labor-saving inventions only a few years ago are being

rapidly succeeded by others still more useful and remark-

able. The dental engine is now run by electricity instead

of by the operator's foot, and the same force has been

applied in other ways to assist the practitioner. There

is an electric mallet for use in filling excavated cavities,

which is both ingenious and useful; there is an electric

syringe for drying out cavities, and small electric lamps
are used in connection with reflectors for exploring the

mouth. Nor is this all; the new power, compressed air,

is used to keep the saliva away from the part of the mouth

under treatment.

Before the rise of the American dentist, the most ad-

vanced practitioners were to be found in France. The
first dentist to set foot in this country was Dr. Joseph

Lemaire, who landed in July, 1778. One of the triumphs
of American dental science is the implanting of human
teeth in artificially formed sockets of the jaw. In 1881

Dr. Younger, of San Francisco, made the first artificial

socket for a tooth. He discovered that a tooth that has

been extracted, even a long time before, may, after being

thoroughly prepared and sterilized, be implanted in such

a socket and left with confidence that the bony tissues will

harden around it, holding it firmly in place. The opera-
tion has been repeated successfully many times since it

was first performed by Dr. Younger, although the an-

nouncement that it could be done was met with ridicule and

incredulity.

In connection with the advancement of medical science

must be mentioned the fact, already alluded to, that anaes-

thesia was a discovery of American dentists, notably of

Horace Wells, who made the first use of "laughing gas."
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It has been estimated that fully one-third of the teeth ex-

tracted in civilized countries are removed while the pa-

tients are under the influence of anaesthesia.

Hygiene scarcely existed during the Middle Ages. The

ancients had regarded simple laws of health and the pre-

vention of disease, but these were neglected or forgotten,

together with many other things, for centuries. The
Mohammedans and Jews alone practiced sanitary science.

The rest of Europe did not realize that the public health

might be preserved and disease prevented by cleanliness

and the observation of simple rules of health. The cities

of Europe were filthy; there was practically no drainage
and people herded together so closely that no one can

wonder at the frequent occurrence of terrible epidemics.

Such visitations were received as inevitable, and they were

allowed to run their death-dealing courses, unchecked.

Often the bodies of those who had died with the Black

Plague were allowed to lie unburied for days. The one

measure for warding off infection was the burning of pitch

in the open streets "to purify the air." In the Twelfth

Century fifteen epidemics are said to have occurred; in

the Thirteenth Century there were at least twenty. The
condition of the people can scarcely be conceived. In Eng-

land, even in the time of Elizabeth, many still lived in clay-

plastered hovels. The fireplace was often a place hol-

lowed out in the clay floor and there was no chimney, the

smoke escaping through a hole in the roof. The floor was

strewn with rushes, "under which," to quote Erasmus,

"lies unmolested an ancient collection of beer, grease, frag-

ments, bones, and everything nasty." The use of rushes

for a floor covering was by no means confined to the occu-

pants of hovels. We are told that the floor of the presence

chamber in Greenwich palace was, at this time, covered

with hay. Personal cleanliness was as little understood
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as the care of the house. Clothing was often worn until

ready to drop off with rottenness. The Black Death or

Great Pestilence came to Europe from the East. It is

estimated that its victims numbered 25,000,000. In 1348

this terrible epidemic visited England, where it raged

frightfully, fed by the squalor and filth which -it found.

Again and again it broke out, until it reached its climax

in the Great Plague of London in 1665. Another awful

epidemic in London was the "sweating sickness," which

usually killed its victim in twenty-four hours or less. Eras-

mus did not hesitate to attribute this dread disease to the

filthy habits and neglected surroundings of the people.

The Great Fire was a blessing in disguise. It removed

many of the impurities and disease centers of the city, and

prepared the way for wider streets, better houses and im-

proved paving.

Street paving was one of the things most neglected in

the dark ages. In the Moorish cities of Spain fine pave-

ments still remain, testifying to their high civilization, but

until the Twelfth Century, the streets of Paris were un-

paved. They were then so filthy that it became absolutely

necessary to improve them. Paving was followed by a

dim perception of the need of some system of drainage, but

its evolution was slow indeed. Jail fever was one of the

diseases resulting from ignorance of the laws of sanita-

tion. The prisons in England, where the fever was fre-

quent, were vile in the extreme. There was no fit drain-

age, or ventilation; and disinfection was poorly practiced,

if ever. From the towns in which the prisons were, the

fever would often be carried to other places. A Scotch

regiment, having become infected through some prisoners,

lost two hundred men. In 1750, while attending the

assizes at the Old Bailey, the lord mayor, an alderman,

two judges, most of the jury and many spectators caught
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the disease and died of it. Jail fever has been identified

as a severe form of typhus fever which, as is well known

now, is caused by over-crowding and improper air, the

cure being isolation, fresh air and light. The great prison

reformer, John Howard, recognized the fact that the rav-

ages of jail fever could be prevented, and he worked until

he forced the world to realize it, also, and the prisons were

improved. Howard was a martyr to the cause, for, after

he had accomplished a vast amount of good in England,
he visited other countries, bent on the same good errand

and, at last, died of a disease contracted in the course of

his humane work. Out of humble beginnings have grown
mighty results. The perfect sanitation practiced by many
governments render their prisons to-day among the most

healthful abodes.

Other steps towards disease prevention were made in

the Eighteenth Century. Captain Cook discovered that

the scourge of the sailor, scurvy, could be kept away by
a proper diet. The value of Captain Cook's methods is

realized \vhen the mortality among his crew, during a long

voyage, is contrasted with that among Lord Anson's men.

Out of 900 men, during a single long voyage, Anson lost

600 from scurvy. Starting out with 1 18 men, Cook came

home, after a three years' voyage, with 114. Of the four

who died, not one perished from scurvy. The early years

of the Nineteenth Century saw this disease almost stamped
out. In 1780 there were 1,457 cases of it received into one

naval hospital in England; in 1807 there was but one case.

So uncommon has scurvy become, that comparatively few

surgeons in the navy, at the present time, have ever seen

a case of it, while the whaling crews, which it formerly

desolated, are, thanks to the superior food which they now

receive, almost exempt from it.

The practice of vaccination began about 1796. It was
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received, for the most part, with as intense prejudice as

inoculation had been before it. Yet, during the first part

of the Century, it won its way by the enormous amount of

good it accomplished. The decrease in the number of

deaths from smallpox was marvelous. In England, prior

to 1800, the average annual number of deaths from small-

pox per 100,000 of the population was over 700. After

1800 the average was about twenty-five or thirty per 100,-

ooo. Not only did smallpox kill so large a proportion of

the population of England, but it disfigured or injured

permanently many others. In the years before 1800, when

the disease was very prevalent, most of the inmates of the

blind asylums had lost their sight through its ravages.

At the same time, it was calculated that fully thirty per

cent of all children born died of smallpox before the end

of their first year. In New York between 1785 and 1800

there were 5,756 burials in Trinity and St. Paul's church-

yards; of these 610, or a little more than one-ninth, were

deaths from smallpox. During the years 1805 and 1806,

the population of the city having grown, there were 4,595
burials in the same two cemeteries; no, or about one-

fortieth of the entire number were deaths from smallpox.

At the present time, although smallpox has not been uni-

versally banished, vaccination has reduced it to a mini-

mum.
The progress of medical science and the enlightenment

of the people at large, during the Nineteenth Century,

have brought about an entirely new attitude in regard to

the preservation of individual and public health. The

maintaining of proper sanitary conditions and the pre-

venting of the spread of disease are accomplished in in-

numerable ways. Municipal government watches over

the health of the public. Boards of Health enforce regula-

tions which have been found by experience to be necessary.
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Thus in most cities it is required by law that householders

and physicians notify the proper authorities of the occur-

rence of contagious and infectious diseases as soon as their

presence is detected, and on the receipt of such notification,

proper precautions are taken to prevent their spread. By

prompt isolation of the patient thousands of lives may be

saved. Health officers inspect the drainage systems, the

water supply and general sanitary conditions of the dis-

tricts under their supervision. Food and drugs are ex-

amined, and laws against adulteration are enforced. In-

structions on health and science are issued to the people,

and there are free dispensaries. In some parts of the world

the establishment of free baths and wash-houses has had

a noticeable effect on the public health, causing an actual

reduction of the number of applications for admission to

the hospitals.

Quarantine is the rule at seaports. All incoming ves-

sels are inspected carefully, and no suspicious cases of dis-

ease are passed by. Thus, of late years, cholera and other

dreaded epidemics have been kept out of the United States

and England when they were raging elsewhere. But it

is not quarantine alone, efficient though it be, which is

restricting the ravages of frightful epidemics. Yellow

fever is kept under by proper methods of sanitation. Even

in the Southern cities of the Union changed conditions

have lessened its terrors. Typhus and typhoid fever, two

very different diseases, which, one hundred years ago,

were not distinguished between, have each been traced to

its true cause and are dealt with accordingly. So it is with

many other ailments. Especial progress has been made

in the discovery of the nature of zymotic diseases.

Hospitals are, by no means, an innovation of the Nine-

teenth Century, but until within the last fifty years hos-

pital methods stood in great need of improvement. With
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the introduction of antiseptic surgery and with the atten-

tion to nursing which is characteristic of the age, marvels

have been accomplished in the way of life-saving. Im-

proved methods of sanitation and construction are also

a product of the thought and ingenuity which have been

bestowed on the lodging and caring for the sick and the

hurt by the leading physicians and surgeons of the day.

With the specialization of the study and practice of the

healing art has come a tendency to maintain hospitals for

a restricted class of patients. There are lying-in hospitals,

hospitals for contagious diseases, children's hospitals, hos-

pitals for the diseases of women, consumptives' hospitals,

eye and ear hospitals, hospitals for the insane, and others,

each intended for the accommodation of a special kind of

the ailing in mind or body. In the treatment of those un-

fortunate beings who have the misfortune to suffer from

mental disease, the Nineteenth Century has made a great

advance over previous ages. Lunatics, idiots and all of the

insane or unsound in mind used to be considered possessed

of devils, and, therefore, were treated harshly, often bru-

tally. Straight-jackets, irons, coercion, chains, and other

instruments of torture were the usual apparatus for the

treatment of the insane, one hundred years ago. Flog-

ging, starving, solitary confinement in dungeon or cell

were all approved methods of dealing with the unhappy
inmates of lunatic asylums or hospitals. These methods

have been succeeded by reforms so great that the mere

mention of the former state of affairs arouses Indignation.
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In all the long history of warfare, which is in reality

the narrative of the world's progress from earliest time,

there is no similar period in which changes so vast and

far-reaching have taken place as during the latter half of

the present century. There is much less difference between

the naval and military methods of the Sixth Century be-

fore Christ and those of the Eighteenth Century than there

is between the latter and those of the present day.

Until the middle of the present Century the difference

that existed between the ancient war galley and the modern

battleship was so slight as to justify the remark common

among naval constructors of the day, that "naval archi-

tecture, like history, repeats itself." Until the introduction

of steam, which was first attempted in 1815, in the double-

hulled vessel designed by Robert Fulton, but which did not

become practical for naval purposes until 1846, our men-

o'-war were but a trifling improvement upon the galleys

of Diodorus Siculus. The old galleys were queer look-

ing craft. They were built with keels and frames, and

contained a stem and stern post. Near the water line the

stem curved outward, gradually taking the form of a ram

a weapon still used in modern warfare. They also had

one or more masts, and were propelled by oars, or sails

whenever the wind was favorable. Going into action was

a gorgeous sight in the Middle Ages. Falcons and broad

banners of gaudy hue were flung to the breeze, the sun-

light flashing upon the breast-plates of the warriors drawn

up in fighting order, and upon a sort of bridge or castle

amidships stood a band of richly caparisoned musicians,

366
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playing with all their might. At the bow was the battery,

consisting of manogels and great cross-bows, with wind-

ing-gear that shot showers of huge stones and arrows and

red-hot iron and carts of Greek fire at the enemy. Fore

and aft small towers were erected, from which archers

shot arrows.

Gunpowder led to the abolition of the towers, and artil-

lery was substituted. Gradually, with the perfection of the

art of sailing, the tactics of warfare were changed. Dur-

ing the early part of the Sixteenth Century the low galley

was replaced by the sailing war vessel, and the size of the

guns, which were mounted in broadside on these ships,

constantly increased. With this increase there came also

an increase in the size of the vessels, until, during the

Seventeenth and Eighteenth Centuries, the warships be-

came formidable affairs, with three decks and a hundred

or so guns. The most deadly of these weapons was the

carronade a light piece first constructed at Carron, in

Scotland. This gun was of a large caliber, short length

and light weight, and its destructive effect was supposed
to exist not so much in its power of penetration as in its

ability for splintering. With a reduced charge of powder,
and slow initial velocity, the projectile from the carronade

created havoc wherever it pierced the side of the enemy.
With these developments came a gradual change in naval

methods, and at the beginning of the Nineteenth Century
warfare was well organized for the first time in history,

the crew being divided into little companies, each of which

had certain duties. Besides the crew, each frigate had

thirty or forty marines, whose duty it was to police the

ship and prevent mutiny, which was very common until

fifty years ago, owing to the extreme cruelty practiced

upon the sailors. These marines were kept carefully apart

from the crew, and animosity between them encouraged.
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At the time of battle they were placed in the tops, where

it was their duty to pick off the enemy with their muskets.

In case they were able to engage the enemy in close quar-

ters, they were expected to board the ship of the combatant,

assisted by two or three seamen from each gun, the latter

being armed with pistols, cutlasses and boarding pikes.

These were known as boarders, and when they were called

for, just so many men, and no more, ran from each gun.
When the boarders took possession of a ship a fearful

carnage followed. When a battle was about to be fought
the decks were sanded to make them less slippery when the

blood should begin to flow, and ammunition, small arms,

guns and pikes were stacked conveniently near the masts

and out of reach of the rivers of gore with which, each

bold sailor well knew, the good ship would soon be

drenched. The sailors for the most part led hard lives,

and were treated little better than their predecessors, the

galley slaves. Flogging was common, and many men
died under the lash. The crews were generally secured

through impressment, and kidnaping was extremely com-

mon, as the romances of that period attest.

Such were the ships used and such the methods of war-

fare generally in vogue when, less than a hundred years

ago, Nelson fought and won Trafalgar, the greatest battle

in British history, and the most famous of all battles

fought between sailing vessels. Although neither so large

nor so formidable as the frigates used by Nelson, sailing

ships of the same type were used in the memorable naval

engagements of our own glorious War of 1812.

The year 1840 saw the sailing ship at the very zenith

of its glory. Naval authorities all agreed that further

improvement in fighting craft was impossible, and all the

great maritime powers of the world were constantly in-

creasing their fleets. In 1841, however, the death-knell
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of the sail began to sound, when the Mississippi, a bark-

rigged, steam-propelled frigate was launched and met the

approval of the experts. Up to this time steam had been

applied only to side-wheel vessels, though Stevens had

advocated the screw as early as 1804. Ericsson, however,

was the first to make a practical demonstration of its util-

ity in 1837. The screw frigate Princeton was launched

in 1844, and the advantages of the propeller became too

obvious to be disregarded, however much sentiment might

cling to the romance and glory that seemed to cluster

around the old-time craft. It was not an easy task for

the sailors to give up their graceful, shapely frigates for

the modern "tea kettle," as the new craft were contemptu-

ously called, and the fight between steam and sails was a

long and bitter one.

In 1857 came the era of iron ships, and the only

thing now in common between the wooden vessels of

Trafalgar and the modern battle ship of the Spanish-
American war is that each is a water-borne structure,

armed with guns and propelled in some manner from point

to point. The application of armor to ships and its great

value was understood by Admiral Mackau, Louis Phil-

lippe's minister of marine, as early as 1840, but

was kept by him a profound secret, he intending

to employ it against England should occasion arise.

Ericsson, about the same date, conceived the general

idea of the Monitor. In 1842 Stevens had com-

menced in the United States a ship plated with four

and one-half inches of iron, though the ship was never

launched. In the Crimean war both England and France

built armored batteries of indifferent seaworthiness.

These early European iron-clads were simply line of battle

ships cut down, with one tier of guns, and armored on the

water line and over the battery. They were no radical

Vox,. 1024
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departure from the established type. In 1857 Dupuy de

Lome completed his famous La Gloire, the first sea-going

iron-clad. But the first really effective vessel of this kind

was the Confederate cruiser Merrimac, and her famous

conflict with the Monitor has been called the most im-

portant naval battle in the world. The Merrimac was a

cruiser that had burned to the water's edge and sunk.

The Confederates raised and rebuilt her, enclosing her

vitals with iron plates two inches thick. A bulwark was

built, and similarly covered, and a cast-iron ram was at-

tached to the bow about two feet under water. On March

8, 1862, the Merrimac steamed out of Norfolk harbor and

encountered the wooden ship, Cumberland. The huge

projectiles from the Union vessel glanced harmlessly into

the water, not so much as denting the stout iron sides of

the Confederate ship. The Merrimac meanwhile sent four

shots into the wooden ship, and, moving right under the

muzzles of her thirty guns, struck the Cumberland a ter-

rific blow with her iron prow. The Cumberland began to

sink, while the guns of the Merrimac did frightful havoc.

More than one hundred of the crew were quickly

killed. The water drove the men from the lower

guns, but they rushed to the upper and desper-

ately fired their harmless shots at the great mass

of iron. At last, with colors flying, the Cum-
berland sank. Having ended one adversary, the Merrimac

turned upon the Congress, which had been peppering at

her, and, although the crew of the latter fought desper-

ately, they were soon forced to surrender. The whole

world was electrified by the news that flashed over the

wires that night, and the North was in a panic. The next

day a great surprise was in store for the Merrimac. A
strange looking craft that had been derisively called the

"Yankee cheesebox," steamed forth and challenged the
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jubilant Confederate. The Monitor had been built after

a design of John Ericsson, who for twenty years had been

endeavoring to secure its adoption. It was an iron-plated

raft, 172 feet over all, 41 feet beam and n 1-3 feet depth,

and with a revolving iron turret containing two guns. The

target surface was reduced to a minimum, the hull being
less than two feet high and plated with five inches of iron.

The turret was nine inches high, and covered with eight

inches of iron. It was a floating fortress.

It seemed at the time impracticable, but in desperation

the United States was willing to try the experiment.

Naval experts believed that the first shot fired by her own

guns would send her to the bottom. The Merrimac had

ten guns to the Monitor's two, and her crew was six times

as numerous, so the people who watched the battle from the

shore expected the Confederate cruiser to sink the auda-

cious little craft with one volley from her big guns. The

advantage was with the Monitor, however, throughout the

entire fight, for the Merrimac could not easily reach her

enemy through the narrow port holes, but the Monitor

with her revolving turret could fire in any direction. The

Monitor's size prevented her from being struck by many
balls, and most of those which did hit her turret glanced

harmlessly into the water. Though the Merrimac fired

twice as many shots, those of the Monitor did the greatest

execution. When the Merrimac tried to ram the Monitor

she did no damage to the enemy, but opened her own
bow and made an alarming leak. Not until the Merri-

inac's shots were directed against the Monitor's pilot

house did the latter ship withdraw, and the Merrimac,

leaking badly, and supposing the fight was over, also with-

drew. Although the fight was undecided, the purpose of

the Merrimac was defeated. The most important effect

of the battle, aside from its being a virtual victory for the
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Union, was the establishment of the value of the iron-clad.

Ericsson's despised plan was received with enthusiasm,

and a dozen monitors were quickly constructed, which

were of great assistance to the Federal forces. A revolu-

tion instantly took place, not only in the navy of the United

States, but in those of all the foreign powers. The building

of iron-clads became imperative, and the great wooden

men-o'-war, once the boast and pride of maritime nations,

were now consigned to the past, along with the galley and

the sailing vessel.

As soon as the iron-clad became an assured success, the

nations began to look for a more formidable weapon than

the ordinary cannon. This has been found in the torpedo,

the most terrible engine of destruction that the mind of

man has conceived for the purpose of warfare. From the

floating kegs loaded with charges of gunpowder, which

Captain David Bushnell set adrift in New York harbor to

the consternation of the British during the Revolution,

the torpedo has advanced by rapid stages to the dignity

of a machine capable of demolishing in an instant the

largest and most powerful battle ship afloat. The torpedo

properly dates back to 1846, when Professor Schoenbein,

of Basel, Switzerland, produced the powerful explosive

known as gun cotton, by subjecting common cotton to the

action of nitric acid. For a long time, however, this terri-

ble explosive was impractical for military purposes, owing
to the peril attendant on its transportation, but at last F. A.

Abel devised a process for its manufacture in compressed
solid cylinders, which can be stored and transmitted

with safety, and which explode with great power when

ignited under the confinement of a detonating powder.
The torpedoes of modern warfare are of two kinds : They
are either contrivances propelled through the water so as

to strike the enemy's vessels, or are more or less stationary,
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submerged mines, so arranged as to explode when a ship

passes over them. During the last two years of the Civil

War, the torpedo service of both forces was responsible

for tremendous destruction. Seven United States iron-

clads, thirteen wooden war vessels, and several army trans-

ports were destroyed by torpedoes, and eight more ves-

sels were badly injured. Four of the Confederate vessels

were destroyed by their own mines. In the Russo-Turkish

war of 1877-1878 the torpedo played a great part.

Through their agency the armored fleet on the Danube
was held in check without the aid of a single Russian war

ship. At Batoum a steamer was blown up and sunk by
a Whitehead torpedo, which is the first recorded triumph
of that now celebrated weapon. In the Chilian revolution

of 1891 the battleship Blanco Encalada was sunk with a

crew of 1 50 by a Whitehead torpedo. The right to use this

torpedo has been purchased by the leading maritime

nations of the world. The torpedo consists of a cigar-

shaped case of phosphor bronze. The dimensions vary in

different countries, but the average length is 14 feet and

the average diameter 14 inches. The destructive effect is

accomplished entirely by a head, wherein lies all the way
from sixty or seventy to 250 pounds of gun cotton. There

are many types of the offensive torpedo similar to the

Whitehead, but the complexity of their construction, and

the large percentage of failures in their attempted runs,

as conspicuously demonstrated in our late Spanish-
American war, do not justify their being considered so

much a destructive as a demoralizing power.

During the progress of hostilities between the United

States and Spain, the whole naval world looked forward

with breathless anxiety to see a practical test of the terror-

inspiring torpedo boats. But opportunity for a demonstra-

tion of their destructiveness did not come. The Spanish
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craft that sped out on their death-dealing missions at the

battles of Manila and Santiago were not alert enough to

escape the vigilance of the expert American gunners, who

hammered them with shot and shell before they

approached near enough to discharge their doom-sealing

weapons. The torpedo boat has been likened to the race

horse of the steamer world, built for short dashes at high

speed. The first qualification is that it shall be built as

small and light as possible, and that it shall be painted a

color that will blend with sea and sky at night. Five-

sevenths of the boat is taken up by machinery and coal,

and in the other two-sevenths, the extreme ends, the boat's

crew are huddled like sheep in a pen officers forward,

men aft. The hardships that are undergone by the crew

of a torpedo boat during an engagement are inconceivable

to anyone not in the service. The heat from the engines

is terrific, and when the weary sailor is overcome by the

fatigue and excitement of the battle, there is no place for

him to lay his head except the narrow space between two

boilers or torpedo tubes.

The defensive torpedo, however, has become the essen-

tial auxiliary of the land gun for the defense of harbors.

The modern submarine mine has reached a stage of per-

fection that guarantees the safety of almost any city that

is under its protection, notwithstanding the fact that Ad-

miral Dewey sailed into Manila Bay over a veritable nest

of deadly torpedoes. The mines are usually arranged to

be fired at will or automatically at touch of the vessel. The

blowing up of the United States battle ship Maine in

Havana harbor on the night of February 15, 1898, and

the killing of 268 brave American sailors, is the most nota-

ble example of the destructiveness of the submarine mine.

The use of solid shot in warfare has been practically

given up. The projectile of to-day is a conical shell of
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steel, hollow, and sometimes loaded with powder, so as

to explode on striking, or by a time fuse. It is wonderfully

different from the shell of twenty-five years ago. In those

clays one could watch the shell as it sailed through the air

in a graceful curve, and there was time, under favorable

circumstances, to get out of the way before it bursted.

.But the new style of shell moves at the rate of a mile a

second
,
and when it strikes a metal target, its energy

being transformed instantaneously into heat, it becomes

red hot, and a flame bursts forth from the point struck.

The projectile of to-day moves almost in a straight line,

and its impact at a distance of a mile seems almost simul-

taneous with the discharge of the gun. When such a shell

passes near a man it will tear his clothes off, merely from

the windage, and if it comes too near him, though not hit-

ting him, it will kill him. He drops dead without the sign

of a wound. The concussions from their own shots

destroyed the aural membranes of a number of gunners in

our late war, who had not properly protected their ears

against such danger.

The first real and complete test of the ordnance devel-

oped by modern naval science since the Rebellion was given

during the war between the United States and Spain.

Each of the contending nations had navies that included

some of the best battle ships in the world, and each was

splendidly equipped with all the latest improvements in

ammunition and armament. The only fault with the test

is that the Americans were so much superior to the Span-

ish in the skill with which they manoeuvred their ships

and handled their weapons of destruction, that it cannot

after all be taken as a wholly fair test. One thing suffi-

ciently established, however, was the effectiveness of the

modern war vessel and its death-dealing power.

Improvement in modern warfare is not confined solely
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to naval methods and equipment. There has been a vast

change in army ordnance within the past Century.

Napoleon, greatest of modern warriors, would be no more

astonished than Admiral Nelson were he to return to

earth and see with what strides the science of war has

advanced during his absence. He would find that his

heavy columns could not be launched in all their imposing

pageantry; and that Murat, his daring cavalry leader,

could not ride over an army with his horsemen. The

grand and picturesque bayonet charge is a thing of the

past. We have in its place the thin skirmish lines, seeking

to crush the enemy with their fire alone, and it is probable

that cavalry will never again charge on the battlefield.

The simple artillery pieces that were used at the battle of

Waterloo were mere toys as compared to the rapid fire

machine guns of the present day. The modern machine

gun is the outcome of a series of evolutions in armament.

The "mitrailleuse" came first, and soon showed its capabil-

ities. Then the Hotchkiss showed the possibility of using

heavier and larger projectiles. The modern rapid-fire

gun was merely a product evolved from the "mitrailleuse"

and the Hotchkiss, and the rapid-fire guns differ from each

other in detail rather than in results. All carry heavy

projectiles and discharge such shot with a rapidity that

depends largely upon the caliber of the barrels, the larger

the caliber and the longer the barrels, the slower the dis-

charge. In this country the multi-barrel has been the

most familiar type, owing to the use of the Catling gun in

the army. Besides the Catling, there are the Gardner, the

Maxim-Nordenfeldt, the Accles and the Robinson, among
the leading multi-barrels, while the best known single-

barrels are the Maxim and the Skode. Tests with the

Maxim gun have scored records of 775 shots to the minute.

The practical test to which "smokeless powder" was
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put in the Spanish-American war demonstrated so obvious

a superiority for it over the best of the old style composi-

tion, that it will doubtless hereafter serve all branches of

military service, including vessels of war. The party

using the ordinary powder could not discern the attacking

foe, using the new explosive, with any certainty, till it had

advanced within 200 yards of the defending line. With
rifles that kill at two miles, as an Austrian improved rifle

is said to have done recently, and smokeless powder in

cartridges for "magazine" or "rapid-fire" rifles, with Gat-

ling machine guns, and revolving cannon, the land forces

are certainly as well equipped for war as are the marines.

Gun cotton, which made the torpedo effective, was first

used for artillery purposes by the Austrian army, and is

now an indispensible agent in the conduct of military and

naval operations among all nations. In 1847 another and

more terrible explosive than gun cotton was discovered by
Sombrero. This was nitro-glycerine, and was produced

by subjecting common glycerine to a treatment of concen-

trated sulphuric and nitric acid. The clear, oily, colorless,

sweetish liquid thus obtained would burn without detona-

tion, but when an infinitesimal quantity was exposed to the

open air a jar or shock was sufficient to produce an explo-

sion of such terrific force as to blow to atoms everything
in the vicinity. In the same year Alfred Nobel, a Swed-

ish resident of Hamburg, became greatly interested in the

perilous discovery, and, assisted by his brother, began its

manufacture on a large scale. Although the life of the

brother was sacrificed in one of the earliest experiments,
Nobel persevered until he had devised a process whereby

nitro-glycerine could be manufactured with comparative

safety. In 1863 he introduced the practice of soaking
common gunpowder in it for blasting, and in 1867 he con-

ceived the idea of mixing it with some solid, inert sub-
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stance, such as silicious ashes or infusorial earth. The

product resulting from the latter process was called dyna-

mite, now regarded to be the safest of all explosives, as

neither electricity, light nor ordinary shocks causes it to

explode.

Of the numerous explosive bodies that have been dis-

covered during the present Century, the only one that can

be considered a rival of gunpowder is the substance known

as cordite. This is a smokeless powder, and consists of a

mixture of gun cotton, nitro-glycerine and vaseline. In

the manufacture of old-fashioned gunpowder many

changes have taken place within the past forty years, both

in process and general composition. By increasing the

density of the grains, thus closing more tightly the pores

through which ignition penetrates their mass, the energy
of gunpowder has been increased and the velocity of the

projectile propelled thereby is proportionately increased.

Another improvement of great advantage consists of

molding the grains into definite geometrical forms.

Instead of the more or less coarsely pulverized substance

of a half century ago the gunpowder of to-day is made into

prismatic, lenticular, pellet and hexagonal forms. One

of the most popular varieties of these forms is the hexa-

gonal prism. It was chosen for the same reason that the

honey bee chooses to build hexagon cells in its comb to

economize space. In building cartridges for big guns out

of this powder the pieces fit snugly together, every possible

ounce of force being put into the prism by compression.

There is accordingly no loss of space in the load chamber

of the gun. The concentration of power by means of

the hydraulic press used in the manufacture of these

prisms is so great that solid prisms of this powder loaded

into a gun would burst it. To obviate this each prism is

perforated with a number of small holes running parallel
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to its axis, thereby securing expansion equally in all direc-

tions and insuring the combustion of all the explosive.

One of the most marvelous institutions of modern war-

fare is the transmitting of intelligence by means of sun-

light signals, or heliographing. The system of the helio-

graph is extremely simple. It employs a mirror much
more carefully prepared, but not much bigger than the bit

of looking-glass wherewith the mischievous schoolboy

throws flashes of sunlight into other people's faces, and it

works on the same general principle. A great deal has

been done in late years to adapt the telephone and tele-

graph to troops in the field, but time and opportunity for

constructing even a temporary line across a stretch of hos-

tile country or regions exposed to the fire of the enemy is

often lacking. It was formerly customary to resort to the

flag by day and the torch by night, a certain signal code be-

ing brought into requisition. But the torch and flag were

unavailable for greater distances than ten to fifteen miles,

and in rainy or dark weather their use is limited to five

miles or less. Sometimes two mirrors are necessary in

order to work a heliograph. This is called the duplex

system. When the sun is behind the signaller, a second

mirror is placed at such an angle that the reflections are

thrown on the first, or working mirror. At night the

instrument is rendered equally effective by adjusting the

mirrors so that they reflect the light produced by a power-
ful electric arc. The heliograph first demonstrated its

efficiency and utility for field intercommunication in the

Indian wars of the Western frontier, beginning in 1886.

Three years later Major W. J. Volkman, U. S. A., demon-

strated in Arizona and New Mexico the possibility of car-

rying on communication by heliograph over a range of

200 miles. He was assisted by 33 officers and 129 oper-

ators, and 3,787 messages were exchanged, comprising
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92,406 words. The network of communication begun by
General Miles in 1886 and continued by Lieutenant W.
A. Glassford was perfected in 1889 at ranges of 85, 88, 95

and 125 miles, over a country inconceivably rugged and

broken, the stronghold of the Apache and other hostile

Indian tribes.

The use of the balloon in warfare is another distinctly

Nineteenth Century institution, its first recorded applica-

tion to such purpose taking place during the Civil War.

In 1862 General McClellan organized a balloon corps, with

Thaddeus S. C. Lowe at its head. The innovation soon

became a component part of the Army of the Potomac, as

it did good service in disclosing the military operations of

the Confederates. Now all the leading military nations of

the world have their balloon corps, specially trained and

equipped for reconnoitering purposes. At the battle of

Santiago on July i, 1898, the movements of the enemy
were observed from a balloon by Sergeant Thomas Carroll

Boone. A telegraph wire connected the basket of the

balloon with the ground, and observations, transmitted in

that manner to the officers below.

The bicycle has also been brought into requisition as

a piece of army equipment in recent years, and a number of

the leading military powers of the world have fully equip-

ped bicycle corps attached to their regular armies.

The practical abolishment of privateering constitutes

one of the most wholesome and radical changes that has

taken place in modern warfare during the present Century.

This marked a long step in progress, for as a matter of

course privateering is but a legalized form of piracy.

Although privateering in some form or other goes back to

ancient times, the "sea beggars" have flourished especially

as a recognized institution of civilized nations from the

middle of the Sixteenth Century to the close of the Rebel-
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lion. The privateer was an armed vessel belonging to a

private owner, the subject of a belligerent power, and

bearing a commission from that power to "sink, burn or

destroy" the commerce of an enemy. With its abolishment

by the Treaty of Paris in 1856, the last vestige of poetry
and romance has departed from modern warfare. The

day of smart manoeuvres under sail, of yard-arm to yard-
arm conflicts, of the carronade, swivel and boarding pike,

is now a thing forgotten. The dare-devil style of climb-

ing over a stranger's bulwarks, clearing his decks with

naked cutlass and spitting pistols, and then asking his

nationality and destination, is also forgotten, although it

is but comparatively few years since such practices were

extremely common. The Eighteenth Century and the

early years of the present were halcyon times for the

privateer. The New York newspapers of the Colonial

period abound in advertisements inviting "gentlemen and

others" to enlist with this or that vessel fitting out under

the commission of "His Majesty." England encouraged

privateering by ordering that prizes taken should be

divided between the owners and the captors, the rights of

the crown being especially excluded in numerous prize

acts. The United States, as a nation, also greatly en-

couraged privateering up to and during the War of 1812.

Not less than 1,367 public and private armed vessels were

commissioned by the colonies to prey upon British com-

merce during the Revolution. In spite of its prevalence

and immeasurable advantage to the United States during

the War of 1812, privateering soon fell into disfavor, as

shown by the fact that Congress in 1818 passed a law for-

bidding the enlistment in this country of men for foreign

privateering. Great Britain was more than fifty years

behind us in passing such a law. In 1824 the United States

vainly urged Great Britain to assist us in the abolition of
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legalized sea robbery. Thirty years later Lord Clarendon

advised that it be abolished by international agreement,
but James Buchanan, then United States minister to Eng-
land, was instructed to reply that his country could not

assent to the proposal unless all the naval powers should

declare that war should never be waged upon private

property on the high seas. In April, 1856, at the termina-

tion of the Crimean War, Great Britain, France, Austria,

Russia and Turkey held a congress at Paris, at which it

was decided to abolish privateering under the agreement
known as the Declaration of Paris. This notable congress
was brought about by Great Britain because it was feared

that Russia would issue letters of marque to the fleets of

the United States merchant ships, commissioning them to

prey upon English and French commerce. All the

important European powers save Spain signed this treaty,

and all the American powers except the United States

and Mexico. This country, through William L. Marcy,
offered to sign the agreement if the clause as to privateer-

ing should be amended by the declaration that the private

property of subjects or citizens should be exempt from

seizure on the high seas by the public armed vessels of

other belligerents. The great powers refused assent to the

proposed amendment, and the United States did not

become a party to the treaty. When the Civil War broke

out in 1861 Mr. Seward, then Secretary of State, offered

to sign the treaty of 1856 without insisting upon the

amendment, but Great Britain and France replied that the

signature could not be accepted if it was to be coupled

with the condition that the provisions of this treaty were

to be made applicable to the use of privateers by the South-

ern Confederacy. As that was the wish of the administra-

tion Mr. Seward did not sign the treaty. The story of

Confederate privateering, and especially the damage done
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to commerce by Confederate cruisers, was still fresh in

the memory of the world when the American-Spanish
war broke out. The fact that neither of the contending
nations had signed the Declaration of Paris, and were

therefore at perfect liberty to issue letters of marque and

reprisal to privateers was looked upon with grave for-

boding by all the great maritime powers of the world.

Although Spain threatened at the outbreak of hostilities to

resort to such method of warfare, it was never carried

into execution. Civilized opinion was too strong against

such barbarous and illicit practice to warrant its being
carried on with any success, and the opportunity for dis-

posing of prizes would have been greatly restricted by the

almost undoubted refusal of neutral nations to permit such

spoils of war to be sold in their ports. Trade relations

have become so much more important than they were in

the days of active privateering that the day has long gone

past when the world would stand by and see two belliger-

ent nations preying upon each other's commerce to the

annoyance and inconvenience of all their neighbors.

Up to the present Century the most inhuman methods

of punishment for breaches of discipline were in vogue
both in the army and the navy. The military punishments
in the English army were of infamous severity. Instances

were numerous where a thousand lashes were given to

offenders, while riding the wooden horse, being strung

up by the thumbs and other equally cruel punishments
were very common. All these brutal chastisements have

been done away with, and only in very rare cases is any

physical punishment administered to the modern soldier

or sailor. In the year 1850 flogging was abolished by
act of Congress in the navy of the United States. Up to

that time the captain of any of our national vessels had the

authority, at his discretion, to order any man in his com-
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mand to be stripped and lashed with the cat-o-nine-tails.

This instrument of torture, once so familiar to all sea-

faring men, is now only known to them by tradition. Old

officers thought the navy itself as good as abolished with

the cat-o-nine-tails. But subsequent events proved how

utterly mistaken they were. The record made by the naval

forces under Farragut in the Civil War and under Dewey
at Manila are proof positive that the fighting qualities of

the American Jack Tar have not been spoiled in the least

by the sparing of the cruel and barbarous weapon.
Since the introduction of more humane methods of

treatment, statistics show that both the sailors and the

soldiers of the world are gradually growing better, and

that there is a gradual decrease in the number of court-

martials. The last report of the Judge Advocate of the

United States Army shows a marked decrease in the num-

ber of court-martial trials since 1893. With the improve-
ment of the morale of the army it is interesting to note

that the desertions have fallen off wonderfully. In. 1894
there were 518 deserters; in 1895 the number fell to 255 ;

in 1897 it dropped to 244; and in 1898, when there was

real righting to be done, it fell to 176 and that out of an

army that was nearly twice as large as it had been in 1894.

However paradoxical it may appear, it is nevertheless

a fact that the improved destructiveness of weapons of

war has made a less destruction. The modern conception

of war with the more advanced nations includes the factor

of fighting with the least possible suffering, and to meet

the demands of the accepted standard of humanity has

been the purpose of the newer engines of destruction. It

was with this humane intent that the Mauser bullet was

invented. The old-fashioned bullet usually whirled round

and round, tearing the tissues, arteries, muscles and flesh,

and on coming in contact with a bone shattered it to
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splinters. The wound of exit left a hole large enough to

insert a man's fist. Whenever a man was hit in the arm
or leg with one of these bullets it was almost always neces-

sary to perform amputation, if the victim did not die

beforehand from hemorrhage. With the Mauser bullet all

this is different. Experience in the Cuban war has

demonstrated that only very infrequently does a wound
caused by a Mauser bullet result in a hemorrhage which

might be fatal. Men struck by the Mauser bullets have

been known to continue fighting to the end of the battle

after receiving what is generally supposed to be a mortal

wound. In almost every case this bullet passes clear

through the victim's body, and the wound of exit is no

larger than that of entrance, and there is no splintering

of bone or tearing up of tissues.

All the changes that might be supposed to make war

more cruel and bloody have really operated in the interest

of humanity. The old-fashioned arms, because they were

fired at close quarters, killed and wounded sixty per cent of

the combatants. The improved arms of modern warfare,

in the bloodiest battle noted in history, killed and wounded

but little more than 25 per cent. The "laws of war" show

a magnanimous consideration for the enemy and a humane

regard for the weak and the defenseless. According to the

code at present formulated by civilized nations these laws

forbid the use of poison against the enemy; murder by

treachery, as for example, assuming the uniform or flag

of the foe; the murder of those who have surrendered;

the use of such weapons as will cause unnecessary pain to

an enemy ;
the abuse of a flag of truce

;
all unnecessary

destruction of property, whether public or private; that

only fortified places shall be besieged; that \vomen and

children and non-combatants be allowed to depart before

the bombardment of a city begins; that plundering by
Voi,. 1025
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private soldiers or officers shall be considered inadmissible;

that prisoners shall be treated with common humanity;
that personal and family honor and the religious convic-

tions of an invaded people must be respected by the

invaders, and all pillage by regular troops or their follow-

ers be strictly forbidden.

Considering the marvelous strides which modern war-

fare has made in the Century, it may appear to some that

the universal brotherhood of man is but an empty dream,

and that the day is yet far distant when the nations of the

earth shall beat their swords into plowshares, and their

spears into pruning hooks. Paradoxical as it looks, we are

rapidly tending towards a practical millennium. On
account of the enormous expense necessary to conduct

campaigns in these advanced stages of equipment, wars

are much shorter in duration and more infrequent of

occurrence than they have ever been in the history of the

world. In fact war has come to be regarded as such a

terrible ordeal that it is only resorted to after every avail-

able effort has been expended to settle the dispute by arbi-

tration. This method has been gradually growing in

favor among all nations, and as a result more than eighty

international disputes have been settled by arbitration dur-

ing the Nineteenth Century. The people of the world have

risen up in revolt against the tyranny of needless conflicts,

and war is now compelled to give a strict account of itself

and to answer a thoughtful and stern challenge for its rea-

son for being.



PRINTING AND PUBLISHING

In these days of printing presses that turn out acres

of thought transferred to paper quicker than the twin-

kling of an eye, it is strange to think that the beginning
of all this complicated machinery of to-day was so recent

as 1803. Books, magazines and newspapers are so

cheap and plentiful nowadays that it is impossible to

realize that in the "good old times," less than a hundred

years ago, the library of the man of average intelligence

and moderate means generally consisted of nothing
more than Pilgrim's Progress, Fox's Book of Martyrs,

Johnson's Dictionary and the Bible. This meager cata-

logue was sometimes supplemented by a copy of Shakes-

peare's plays, or a book of poems, either of which were

literary treasures that conferred upon the owner no small

measure of distinction among the appreciative inhab-

itants of sparsely settled and bookless communities.

This paucity of reading matter was by no means con-

fined to the illiterate lower classes. The biography of

almost every great American statesman or author of a

generation ago, bears ample testimony to the fact that

books were, in his youth, considered a luxury, and that

their acquisition, in any great numbers, was a privilege

enjoyed only by the wealthy. Magazines were prac-

tically unknown, and the few that did exist were neces-

sarily high priced. The newspapers, erroneously so-

called, were diminutive, poorly printed sheets, contain-

ing stale "news" prepared in a more or less ludicrous

style. How great a misnomer the term "newspaper"

387
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was in those days can be readily understood when we
read the Boston News-Letter's regret over being thir-

teen months behind time in supplying European intelli-

gence. Very frequently the newspapers were delayed
several weeks in their appearance owing to lack of paper.

As soon as one of these paper famines threatened the

press, its patrons were notified of the fact by conspicu-

ously printed appeals to the ''fair dames and maidens"

respectfully begging the privilege of purchasing their

"worn-out frocks, petticoats, and such other discarded

raiment as might contribute to the composition of

paper," and indicating when the "ragman" would call to

make collections.

Such were the conditions a hundred years ago. And
now what a marvelous change ! A library of generous

proportions is within the reach of the humblest working
man who earnestly desires it. Magazines and period-

icals of the highest literary excellence and artistic design

may be bought for considerably less than the proverbial

song, and of newspapers it will suffice to say that they
are indeed well named when they can keep us posted

from hour to hour of the progress of human events in

the uttermost parts of the earth.

In reviewing the great inventions of the century
which contribute so largely to the cheap dissemination

of literature, it is most fitting to consider first the mar-

velous progress that has been made in the field of book

and magazine making. Here a complete revolution has

taken place in methods of printing, in illustration and

in machinery and processes for binding and covering.

Up to 1813 very little progress had been made in the

making of books since the days of Gutenberg or of Cax-

ton. For a period of 350 years all printing was done on

the old platen press, the almost identical counterpart of
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Gutenberg's invention. The press used by Benjamin

Franklin, now exhibited in the National Museum of

Washington, is a fair type of the platen style of printing

press. A brief description of it and the methods em-

ployed in its operation may give an adequate idea of the

crudity of the industry as it obtained up till the begin-

ning of the present century. The press is constructed

almost entirely of wood, and consists of a flat "type bed"

upon which the "form" (the type) is placed, above which

is suspended the "platen" or impression plate. The bed

is rolled under the platen by the "rounds" (a wooden

cylinder and straps). To the platen is attached an im-

pression screw by which power is applied when it is de-

sired to make an impression; a pulling of the handle

causing a revolution of the screw, forcing the latter

down upon the type bed. The press, of course, was

operated entirely by hand, and the marks of the states-

man-printer's ink-besmeared ringers are impressed upon
the clumsy frame. The type was inked with what were

known as inking balls. These consisted of large round

pads or balls of leather stuffed with wool. These balls

were charged with ink and rubbed briskly one upon
the other until there was an even distribution of the

printing fluid. Then the apprentice applied them to

the face of the type with both hands until the letters

were uniformly inked. It is in connection with this

process that the term "printer's devil" had its origin.

The manipulation of the inking balls being the most

disagreeable task in the old-time printing office, it was

always consigned to the newest apprentice, in most cases

a raw and awkward youth, who in his first endeavors

invariably succeeded in getting more ink on his face,

hands and clothing than on the balls. The appearance

which he presented with visage besmeared with the
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black fluid was extremely suggestive of his satanic maj-

esty, and that title became the inheritance of the print-

er's apprentice and so remains to the present day, al-

though the inking balls have long since been consigned
to oblivion. In 1798 the Earl of Stanhope made a press

entirely of iron, which was an improvement, though not

a radical one, over the machine used by Franklin. The

frame was cast in a single piece, and the power was ap-

plied by a combination toggle joint and lever. The

machine was able to turn out about 250 impressions per

hour, and was considered a marvel in those days.

In 1803 two new principles were discovered, which

in their development and modification have made the

marvelous product of the presses of to-day possible.

During that year Frederich Koenig, a Saxon, com-

menced experiments with the view of rendering the then

existing hand press more rapid and useful. His idea

was to substitute the composition roller for the inking

balls, and the impression cylinder for the platen. After

years of experimenting he finally succeeded in inventing

a machine embodying both of these principles, and to be

operated not by hand power, but by steam. In 1812

Mr. Walter, proprietor of the London Times, ordered

two of these machines and had them secretly erected in

the very next room to that in which the paper was being

printed by hand. He was obliged to conduct the work

clandestinely, as he had already experienced consider-

able trouble with his workmen, who opposed every im-

provement that was likely to interfere with hand labor.

Under these circumstances the work of construction

progressed very slowly, and it was not until two years

later, at 6 o'clock on the morning of November 29, 1814,

that Mr. Walter entered the press room of his office with

several damp, printed sheets in his hand, and informed
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the astonished hand pressmen, who were waiting for the

"forms," that the edition of the Times for that day had

been printed by steam. This press was capable of turn-

ing out 800 copies of the Times in an hour a marvelous

production in that time. Each of the machines erected

by Koenig for the Times printed only one side of the

paper, so that when the sheet had been half printed by
one machine it had to be passed through the other in

order to be "perfected." The first improvement on the

Koenig press was made by Cowper and Applegath, who
contrived a modification by which both sides of the

sheet could be printed in one and the same machine.

The principles of the Koenig and Applegath machines

have been followed, with more or less diversity of detail,

in most of the printing machines at present in use for or-

dinary book and magazine work.

Until quite recently many of the very finest books,

where it is necessary to have great clearness and definite

color, were done by platen presses constructed after the

Stanhope model. The successive improvements on the

Stanhope press were the Columbian, introduced in 1817,

in which the power was applied by a compound lever;

and the Washington, invented by Samuel Rust, in 1829.

In 1830 Adams applied the principle of the hand press

to a machine operated by steam and known as the

Adams book press, capable of giving 5,000 and 7,000

impressions per day of good book work, the impression

being given by raising the bed upon which the form

rested against the stationary platen. The latter has

superseded other platen presses. In the first stages of

their mechanical construction, the processes of making
the ordinary book are identical to those used in maga-
zine work. The Adams presses are still used in some

degree for this work. But the presses in general use are
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the flat-bed cylinder and the rotary perfecting press.

Flat-bed presses use sheets of paper made to some def-

inite size to suit the book. The rotary perfecting press

is necessarily printed from rolls of paper and cut on the

printing machine to the required size.

As the work required for magazines and books is

quite different from newspaper work, the speed at which

the rotary book perfecting press is run is much slower.

The advertising and plain text forms are run at the rate

of about 6,000 sheets per hour, each sheet containing
either thirty-two or sixty-four pages. As the cuts and

half tones have to be printed upon clay-coated and cal-

endered paper, which cannot be put up in rolls, this kind

of work has to be done on the flat-bed presses. There is

used at the present time, in connection with these flat-

bed presses, a marvelous automatic mechanical device

known as a "feeder," which does the work once done by
hand feeders.

Probably the most remarkable of these machines is

that invented very recently by George F. Leiger, of

Chicago. It takes on a maximum load of about 20,000

sheets, thus assuring a run of about two days for the

press without reloading. The table holding the load of

paper rises automatically to correspond with the sheets

as fed off, thus keeping the top of the pile always at the

same level. By means of a suction pump a vacuum is

formed of sufficient force to pick up the heaviest card-

board, or it can be adjusted so finely as to pick up the

thinnest paper. This makes the machine a great boon

to the book-making industry, as it gives the machine a

range from French folio to cardboard, something no

other feeding machine has yet accomplished. The

vacuum is carried through a series of pipes to the "pick-

up" fingers, which come in contact with the sheet of
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paper at each of the four corners. The vacuum is cut

off and again put in use by means of irregular cams so

timed that the fingers release the back end of the sheet

before the forward fingers let go. The latter remain in

contact long enough to allow a forward movement to

engage the sheet with a series of rollers connected by

tapes, which conduct the sheets to the guides and grip-

pers of the press. In order that the sheets cannot be

held together by electricity, as is often the case, a con-

tinual current of air circulates between the top sheet and

pile by means of blow pipes. Should two sheets, or a

badly wrinkled sheet, pass down to the guides, the ma-

chinery is instantly stopped by another ingenious con-

trivance, so that it is impossible for two sheets or an

imperfect sheet to pass into the press. With the saving
in labor and the increase in production over hand feed-

ing the earnings of a printing press are about 25 per cent

greater with the aid of this automatic device.

From the presses the paper is carried on trucks to

the folding machines and loaded, in lots of from 6,000

to 8,000 sheets at a time. These folding machines also

are among the most wonderful labor saving devices of

the age. These modern folding machines are of three

or four different makes and do their work in various

ways. One is known as a quadruple folder, another as

a double sixteen folder, and another as a four-eight

folder. Automatic feeders are also used to deliver the

sheets to the folding machines at the rate of 3,000 per

hour. The quadruple folder takes the sheets as deliv-

ered by the feeder and folds the sixty-four pages, cutting

and delivering the same in four separate sections of six-

teen pages each. The double sixteen folder takes the

clay-coated sheets with the cuts, consisting of thirty-two

pages, cuts, folds, and delivers the same in sections of
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sixteen pages each, collecting each sixteen page sepa-

rately or inserting one within the other when desired.

From the folding machine the sheets are taken to a

hydraulic press, where they are subjected to a pressure

of 70,000 pounds. The process compresses the paper
for convenience in handling through the subsequent

stages of the work. The folded sheets are then laid

upon tables, where girls take one of each section until

the full book or magazine is gathered together. This

work is all done by hand. After the sheets have been

gathered into a complete book, they are wire-stitched or

sewed with thread by machines and sent to the covering

machines. This cover machine puts the covers on mag-
azines at the rate of 25,000 copies per day. The books

are fed into a clamp at one side, and are let down, one at

a time, and passed over wheels that rub glue on the

back, and as each book conies along the platform on

which the covers are piled automatically rises and

presses a cover against the book, which is then carried

along until it comes in contact with iron presses, fasten-

ing the cover still more firmly.

In the process for binding in cloth or more expensive

material, the folded sheets are pressed solidly together

by the smashing machine, whence they pass into the

sewing machine, and then to the trimming machine,

which trims the three sides smoothly and accurately a

work that was formerly done altogether by hand. The

next process is to round the backs, a thin coat of glue

previously applied holding the round in shape. A piece

of muslin is then put over nearly the entire length of the

back and extends an inch or so over the sides. If the

book is to have gilt, sprinkled or marbled edges, those

are the next processes. A number of the books are se-

cured between two boards. The fine dust-like coloring



PRINTING AND PUBLISHING 395

seen on the edges of books is obtained by sprinkling the

color selected on the upturned edges with a large brush.

In marbling, the fine colors are mixed by the workmen
and are dropped on the surface of a long pan especially

constructed for the purpose and partially filled with a

mucilaginous mixture. The colors remain on the sur-

face and are given their blending and beautifully formed

shapes by "combing." The edge of the book is then

dipped sufficiently to take up the colors from the sur-

face of the mixture. If the edges are to be gilded, they
are scraped smooth and dusted with red chalk. The
size on which the gold is laid consists of albumen and

water, and the burnishing is done with a bloodstone or

agate. In cloth-bound books the cases are made almost

entirely by machinery, the cloth and the boards being
cut to the exact size; the cloth is then glued on the

boards, and the case is then ready to be embossed in the

style desired, then the book is "cased in" and put in the

standing press to set it.

Besides the innumerable mechanical inventions in

the way of printing machinery, folding machines, feed-

ers, type-setting devices, etc., all of which have consid-

erably cheapened the production of books and maga-
zines, there have also been devised a vast number of

processes for printing and illustrating. Of printing proc-

esses, the most important in book and magazine work

is that known as electrotyping, introduced about 1840.

At first the results were full of imperfections, but now
the method is in universal use for book making and wood-

cut illustrations. If electrotype plates were not used,

after a few thousand impressions both the type and

wood cuts would become worn and damaged to such

an extent that they would be useless. Their reproduc-

tion entailed a great expense of time and money and
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the only way the publisher could reimburse himself was

to place a correspondingly high price on his book. As

it is now, few books are printed from movable type un-

less it is absolutely certain that no reissue will be re-

quired. The mold used for electrotyping is made of

wax, the wax is melted for the purpose and poured into

shallow pans and after it has become solid a treatment of

finely powdered pure black lead is applied. The latter

is sprinkled over the surface and any excess is removed

by blowing of bellows. The wax thus prepared is

placed in contact with the type form or wood cut, which

have also been covered with black lead, and a powerful

press is applied. In a few minutes the wax takes a

sharp impression, embracing all the most delicate de-

tails of the work, and becoming at the same time very
hard. Black lead is then applied to the face of the mold

with a soft brush, then it is put into a battery consisting

of a solution of sulphate of copper, and upon being re-

moved after some hours the black leaded surface is cov-

ered with a compact deposit of copper in which is re-

produced the most minute details of the engraved block

or letter-press form. The wax is removed from the cop-

per plate by exposing the molds to a gentle heat. The
thin copper shell is tinned on the back and a molten

metal poured on to the depth of about one-eighth of an

inch. This is called backing, and gives solidity to the

copper plate. After it has been screwed through a

block of wood of specific and accurate fitness, the plate

is ready for the printers' hands.

Modern methods of illustration began about the begin-

ning of the century, with the discovery of the art of

lithography, which happened as follows:

Aloysius Senefelder, a musician employed in one of

the theaters in Munich, was arranging his musical com-
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position on a slate formed of flakes of limestone, when by
accident the score he was thus preparing was knocked

into a slop-bucket full of greasy water. When the slate

had been recovered he was surprised to see that the

grease remained upon the musical characters, while the

background of the stone was comparatively clean. A
brilliant idea struck the musician, and he set to work
with enthusiasm. Within four years from his first ob-

servation he had succeeded in contriving a suitable press

for taking impressions, and in securing proper crayons
and appropriate acids for acting on the stone. Al-

though he guarded his secret jealously, it leaked out,

and a number of persons, through experiment, suc-

ceeded in rediscovering the art for themselves; so that

Senefelder never profited by his invention. In 1810

the first lithographic press was established in London

by Mr. Hullmandel, and its value as a means of multi-

plying works of art became generally recognized.

Although it required years of patient endeavor to

perfect the art, it is simple enough. The stones used in

the process, the best of which come from Germany, are

prepared by rubbing one slab against the other with sand

and water. If the stone is to receive written characters

it is polished by means of pumice stone, but if it is in-

tended for a drawing the stone is grained by means of

the friction of a finely-sifted sand. If it is desired to re-

produce written characters or drawings done with a pen,

lithographic ink is applied with a fine brush or a pen,

as the case may demand. The ink is composed of wax,

gum-mastic, gum-lac, lampblack, and soap. The pro-

fessional lithographer must possess a great amount of

dexterity, as it is necessary for him to write the char-

acters on the stone in a reversed position. In order to

Ke the characters in their usual position a looking glass
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for viewing his work is used. For drawing, a litho-

graphic crayon is used. The composition of this crayon

differs, but is usually of soap, wax, grease and lamp-
black with other minor ingredients. Exactly the same

method is followed as in the reproduction of written

characters, save the necessary reversals. After the de-

sign has been placed on the stone, a mixture of nitric

acid and gum is allowed to run over it. This process
renders all parts of the stone not protected by the ink

or crayon incapable of receiving ink, while at the same

time it more strongly fixes the outlines of the drawing.
After being thoroughly cleansed of any traces of for-

eign matter, the stone is subjected to a treatment of tur-

pentine, which apparently obliterates the very design

itself. Then it is wiped with a damp sponge or cloth,

a roller charged with printers' ink is passed over it, and

the characters reappear more plainly defined than be-

fore. To obtain an impression it is now only necessary

to lay a sheet of damp paper on the inked stone, and to

apply the necessary pressure. After each impression

the stone is wiped off with the damp sponge before the

inking roller is again applied.

For some time after the discovery of the art impres-

sions were only taken in ink and crayon of one color.

Then a new branch of the art, termed chromo-lith-

ography, was introduced, and now facsimilies of paint-

ings in oil, water-color drawings, etc., can be success-

fully reproduced at prices so cheap that the homes of the

humblest are adorned with transcripts of the works of

the best artists. The principle of chromo-lithography is

necessarily the same as that of the original discovery,

the only difference being that each color in the picture

to be reproduced requires a separate stone. If there are

twenty-five shades of color to be reproduced it is neces-
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sary to prepare twenty-five stones. The first thing to

be clone is to place an outline of the picture on a litho-

graphic stone. This outline by various dots and crosses

conveys to the artist just where the impressions of the

successive tints are to be placed on the press so that the

colors will blend correctly. The gradations of the col-

ors, and their blendings by superposition, require true

artists who can thoroughly enter into the spirit of the

work. The stone that is to give the blue tints to the

picture is prepared with its especial crayon, as are the

red, green, yellow, etc. When the stones have all been

treated, the printing of the whole series of impressions is

proceeded with. The same sheet of paper is laid on each

stone in succession as regards the proper order and

colors, and with the greatest possible accuracy of reg-

ister.

The artistic beauty of the modern book or magazine
owes much to the art of photography as developed dur-

ing the latter half of the present Century. The half-tone

cuts and photogravures with which even the cheapest

periodicals are now replete were unknown less than

fifty years ago. The first experiments in photographic

printing were conducted unconsciously by Niepce when
he was wrestling with the problem of fixing the image
of the camera obscura, in the early days of photography;

indeed, his first successes in photography were in the

reproduction of engravings. In 1852 the engraving

process known as the calotype was patented by Fox-

Talbot, who has, like Niepce, been introduced to the

reader in the chapter dealing with the photographic art.

This constituted the first effective printing process in

which photography is the primary agent. Since its

publication the number of printing processes gradually

evolved out of the photographic art are legion. To
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treat them exhaustively would require a large volume,
and for this reason only a brief general account of those

most important to the publishing industry will be given
here.

The most popular method of applying photography
to the production of printing surfaces is that wherein the

portions to be printed stand out like type, receive ink,

and are printed in the ordinary manner of letter press.

This process owes its origin to Poitevin and Pretch

about the middle of the Century and has been per-

fected in late years by the work of Woodbury, Ives, and

Meissenbach, the latter's process having been patented

as late as 1882. To obtain pictures by this process of

photo-sngraving the artist makes what is known as a

vrash Jra\vi'ng-, four times as large as the illustration is

to be. The drawing then goes to the engraver, who
makes what is known as a half-tone cut. The process

employed is an interesting one. A glass screen, with

diamond-scratched lines, ruled at right angles so closely

together that the spaces are hardly distinguishable, is

placed one-eighth of an inch in front of the sensitive

plate in the photographic camera. Looked through, the

effect is much the same as gazing through a fine sieve.

These lines reappear in the half-tone engraving when

printed. The wash drawing is photographed in the

usual way and with the usual sensitized plate, with the

screen in the camera between the plate and the picture.

This produces the negative of the picture, and in order

to have the same position of the object in the engraving
as in the original, the film of the negative is treated to

one or two coats of collodion, which gives it a consist-

ency to permit of its being removed. This film is trans-

posed to the opposite side of another glass. The new

negative is carefully mounted, and used as a medium
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for printing on a zinc plate, which has been polished to

a high degree, coated with a solution of albumen and

gelatine and sensitized with bichromate ammonia. It

is then dried and placed in the printing frame, the coated

side next to the negative film. Upon being exposed to

the light for a sufficient period, the plate is removed

from the frame in a dark room and washed under run-

ning water, then dried and heated until the picture

appears of a dark-brown color. The back of the plate

is rubbed with wax while hot to protect it from the

etching solution, which eats only where the plate is

unprotected that part which is blank in the unfinished

engraving. The plate is allowed to remain in the acid

bath for fifteen minutes, or until sufficient depth is

obtained. It is then washed, trimmed and mounted for

the printer.

The mode of illustration known as photogravure dif-

fers from the half-tone engraving in two respects.

First, it is printed from an intaglio plate, and second, it

is not capable of being used in a type press under any
conditions. Where the steam cylinder press can turn

out 10,000 perfect half-tone engravings per day, the

expert printer cannot produce more than 200 good

photogravures. The perfecting of the process, whereby
this beautiful style of illustration, is due to Walter B.

Woodbury, who took out his first patent for the method
in 1866. The process consists in getting an intaglio

impression of the image to be copied. The intaglio

plate is filled while warm with a hard, stiff ink, which

is pressed into every depression. The deepest portions

of the mold naturally take the most ink, and represent

the darkest shadows, while the shallowest portions

represent the more delicate tones. After the high lights

of the plate are carefully wiped off by hand, the plate is

Vox,. 10 26
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run through the press, in connection with the paper, and

the latter lifts from the sunken surface of the plate all

the ink it has previously received, holding it on the sur-

face of the paper in masses of color differing in depth and

consequently in tone, according to the series of gradua-
tions from the pure, high light of the clear paper to the

rich, velvety black of a solid body of ink spread over the

surface of the paper and not pressed into it. The photo-
mechanical process for letter-press printing, which has

already been referred to in the chapter dealing with

photography, contributes greatly to the cheap produc-
tion of illustrated books and magazines.

In methods of composition Benjamin Franklin saw

no improvement over the infancy of printing. The

same monotonous pick, pick, pick, continued through

nearly five centuries. In 1875 Ottmar Mergenthaler, a

Swiss mechanic and inventor, living in Baltimore, con-

structed a machine that has been an immeasurable revo-

lutionizing factor in the composing-room. The Lino-

type is a machine controlled by finger keys, like a type-

writer, which creates the type matter as demanded,

ready for the press, to be used once and then melted

down. Instead of producing single type of the ordi-

nary character, it casts type metal bars or slugs, each

line complete in one piece, and having on the upper

edge type characters to print a line. These bars are

called linotypes and are assembled automatically in a

galley side by side, in proper order, so that they con-

stitute a form, answering the same purpose and used in

the same manner as the ordinary forms consisting of

single types. After being used the linotypes, instead of

being distributed at great expense, like type forms, are

simply thrown into the melting pot attached to the

machine to be recast into new linotypes. The Linotype
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is operated by a single attendant sitting at the key-
board. The manipulation of the finger keys by this

single operator results in the production, delivery and

assemblage of the linotypes in the galley ready for use.

In the hands of a skillful operator it will do the work of

five men "at the case," or setting type by hand, and will

make better wages for him, without half the wear and

tear of bone, and blood, and muscle. Within two hours

the operator on the machine is able to cast as much new

type as the fastest printer can set in seven or eight hours'

hard and steady work by the old method. There have

been numerous modifications and improvements made

upon the original model.

The only formidable rival of the Linotype is the

typesetting machine. While the former is a line-casting

machine, the latter actually sets the type. One style of

the typesetting machine is constructed in the form of a

cylinder divided into two parts, having a vertical chan-

nel for the reception of the type of exactly the width and

depth of the type in use. The upper half of the cylinder

is entirely dependent on the lower half, which is station-

ary, and revolves by a step-by-step movement upon the

lower half, in such a manner that the channels in the

upper half are superimposed upon those of the lower

half, so accurately that, in the very brief pause made by
the upper half as it revolves, the type from the upper
half are permitted to drop into the channels of the lower

half where they belong. The lower cylinder being
filled the machine is ready for operation. By the manip-
ulation of the finger-board the type drop, one by one,

until there are enough to form a line. At the side of

the operator sits the "justifier," who takes, from the long
line of type creeping out of the machine, just enough to

make one line of the length required, and, as in hand
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composition, this is spaced out and mechanically moved
out of the machine into a galley attached thereto.

The invention of the process for the manufacture of

paper out of wood pulp, described in the chapter on

Labor Saving Machinery, has been an important factor

in bringing about the cheap production of all kinds of

reading matter. At the close of the war publishers used

to pay 25 cents per pound for book paper which they

can now buy for from 4 to 7 and 8 cents per pound.
The very cheap books are made on paper which costs

no more than 2 or 3 cents per pound. The commonest

kinds of printing paper those used for newspapers
cost 25 cents a pound thirty years ago, whereas they
now only cost 2 or 2 l/2 cents per pound.

Not less remarkable than the machinery and

processes introduced into it, has been the development
of the modern publishing business. This development
has been distinctly along two lines, and represents two

extremes. In the first place there was never a time

when so many fine books were made. There is abso-

lutely no limit to the sumptuousness of the editions

de luxe. The demand for lavish books increases year

by year. What makes it more surprising is that while

the trade in fine books increases year by year the

demand for cheap ones likewise grows. Within recent

years an important branch of the business has grown in

the publication of books for sale by subscription only.

This kind of publication is becoming more and more

popular every year, and justly so, for it is the only means

whereby a large portion of the reading public are

enabled to purchase books, and by the large editions

printed enable the undertaking of vast tasks.

The modern newspaper, like the printing press itself,

was of long development. Indeed, history claims for the
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newspaper a chronology of more than 2,000 years. As a

matter of course such virtual newspapers as the ancient

Egyptians and Chaldeans published on stone and parch-
ment must be considered as the progenitors of the daily

paper as we read it to-day, yet the first really important

newspaper, by courtesy so called, was the Acta Diurna

of the Romans. Although the news was necessarily

all the way from two weeks to three and four years old at

the time of its publication, the Diurna was nevertheless

quite a gossipy sheet, and as people did not attach

much importance to newspapers in those days, the

Romans were well content. The Diurna was written

not printed on parchment. Cicero's oration in defense

of Cornelius Sulla was duly chronicled in this newspaper;
as was also the fact that on the 4th of the Kalends of

April an oak on Mt. Palestine was struck by lightning.

The reporters employed on the Diurna and its con-

temporaries were called actuarii. During the rule of

Julius Caesar copies of the Acta Diurna were posted in

the public galleries, and attracted the same hetero-

geneous crowd of readers as do the modern bulletin

boards.

With the advent of the Middle Ages the newspaper
idea passed out of existence, and was not resumed until

the founding of the Nuremberg Gazette in 1457.

Among the most important bits of news which it was

the good fortune of this paper to publish to the world

was the discovery of Peru. The first Italian newspaper
was the Notizie Scritte, issued monthly in Venice, in

1566. This paper was sold for a "gazzeta," a small

Italian coin, whence is generally traced the newspaper
title "Gazette." The first English newspaper was the

English Mercuric, published during the reign of Queen

Elizabeth, and is said to have been founded specially
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to publish the reports regarding the approach and

maneuvers of the Spanish Armada. In 1622 Nathaniel

Butter began the publication of the Weekly News, the

first regular English newspaper. He also introduced

the custom of having newspapers hawked about the

streets. The early English newspapers were an unique
combination of the incredible, the grotesque and the

ridiculous. In the Marine Mercury we read a solemn

account of the appearance of a mermaid off the coast,

of England. The reporter who wrote the article

had an extraordinarily vivid imagination, even for a

reporter, for he writes that the lady carried a comb in

one hand and a mirror in the other.

The contents of the papers were not more remark-

able than their names. There were the Mercurius Belli-

cosus, the Mercuric Pragmatical, and a rival publication,

the Anti-Mercurius Pragmaticus; the Parliamentary

Kite, the Secret Owl, and a number of others of equally

suggestive title. When the original copy was exhausted

it was for a long time customary to fill up the gaping
columns with appropriate extracts from the Bible, until

the editor of the Flying Post hit upon the admirable

idea of leaving one-half of his paper blank so that, as he

announced editorially, "any gentleman, in sending his

copy to family or friends, may dispatch with it his pri-

vate business." During the reign of Charles the Sec-

ond English newspapers became such mischief-makers

that their number was restricted to twelve. In 1712 a

law was enacted placing a tax of half a penny per sheet

upon newspapers. Upon the accession of Queen Anne

a new era of journalism began. Addison's Spectator

and Steele's Tattler, both of which had their inception

during this auspicious period, were the foreshadowings

of the newspaper of to-day. To Addison belongs the
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credit of suggesting the modern newspaper in its chatty

trivialities. During Anne's reign the Daily Courant,

the first daily paper deserving of the name, was started.

The St. James Gazette was established in 1724; the

Morning Chronicle in 1769, and the Times in 1788, all

three of which have survived until the present time.

Although the largest and more prosperous papers in the

British Empire, the circulation of none of these exceeded

5,000 copies at the beginning of the present Century.
Even so late as 1834 the Times considered itself a

marvelously important and prosperous paper with a cir-

culation of 10,000 copies daily.

The first newspaper published in the United States

appeared in Boston on September 25, 1690. It was a

quaint little sheet, and bore the equally quaint title of

"Publick Occurrences Both Foreign and Domestick.

Published by Benjamin Harris at the London Coffee

House. Printed by Richard Price." The editorial

announcement was as follows: "It is designed that the

country be furnished once a month (or, if any Glut of

Occurrences happen, oftener) with an account of such

considerable things as have arrived unto our notice."

In 1704 John Campbell, the postmaster of Boston, estab-

lished the Boston News-Letter, which regaled its readers

with extracts from paragraphs in Latin, stating that they

would also be favored with literary pabulum in Greek

were it not for the lack of the proper type. The people

were apparently satisfied with the journalism of the day,

and in fact resented any departure from their time-hon-

ored traditions. When the Salem Gazette appeared as

a bi-weekly there was much indignation over what

seemed to the good New Englanders a needless waste

of paper and energy. The popular prejudice was ex-

pressed thus by a prominent citizen : "It is nonsense to
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disturb the people's minds by sending newspapers

among them twice a week to take their attention from

duties they have to perform."

The beginning of the Nineteenth Century did not see

any material improvement in newspapers over those of

Addison's time, but as the years went by and as

improved machinery and processes for printing and

engraving were introduced the modern newspaper

gradually came into being. The application of the elec-

tric telegraph to the dissemination of intelligence domes-

tic and foreign gave a new significance to journalism,

and indeed completely revolutionized that institution.

Sunday papers began to appear as the Century neared

its first quarter, and in the next twenty-five years the

great New York dailies the World, the Sun, the

Tribune and the Times came into being. In 1843 a

very important newspaper event occurred in England.
This was the founding of the Economist by James
Wilson. This was the first paper to devote itself to the

journalism of public economies. When the French

traveler, De Tocqueville, visited America in 1835 he was

amazed at the number of our newspapers, at the same

time deprecating their lack of dignity.

In 1848-49 the Associated Press was formed. This

organization became the disseminator of intelligence

from all quarters of the globe, and is to-day one of the

most important factors in journalism. During the

Civil War American newspapers and journalistic

methods made great strides, nor have the chariot wheels

of progress tarried since that time. Newspapers have

been growing better and better and bigger and bigger
as the years go by, and in proportion as they have

become better and bigger they have likewise grown
more cheap and plentiful. The newspaper of to-day is
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incomparably the noblest and most useful purpose to

which the invention of printing has been turned. It is

by far the most glorious of the triumphs which typog-

raphy, in all probability, is destined to achieve.

The first great step toward facilitating the produc-
tion of the modern newspaper \vas made by Colonel

Robert Hoe, of New York, in 1840, when the first of the

type-revolving presses was built. This invention

marked the beginning of an epoch in the history of the

printing industry. The Hoe press embodied a new

principle, the type being placed on the circumference of

a cylinder which rotates about a horizontal axis. At
about the same time a type-revolving press was devised

by Mr. Applegath for the London Times. In deference

to the proprietor of the paper it was called the Walter

Press. The only material difference between the Eng-
lish and the American inventions was that in the former

the type-holding cylinder revolved on a vertical axis.

The capacity of these presses varied according to the

number of impression cylinders arranged around the

type cylinder, presses being successively made with four,

six, eight, and ten impression cylinders, respectively.

Among the first of the multiple cylinder presses erected

by Robert Hoe was one for the Philadelphia Ledger in

1846, and one for the parisian daily paper, La Patrie,

in 1848. The first eight-cylinder press was built for the

New York Sun in 1850, and the first ten-cylinder press

for the New York Herald in 1857. The modern per-

fecting press so called because both sides of the paper

are printed in passing through the press became pos-

sible only after the perfecting of the stereotyping

process.

Prior to 1860 all promptly issued editions of news-

papers were printed from the type forms direct, the type
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being locked together on the circumference of the

cylinder by mechanical methods. To make stereotype

plates with sufficient expedition for newspaper work

had not before that time been considered practicable.

In 1 86 1 the difficulty was removed by the employment
of a steam bed to dry a novel style of papier mache

matrix, which could be conveniently used for making

stereotyped reproductions of the type pages in the form

of plates to fit around the type-bearing cylinders. For

this process a number of sheets of tissue paper are pasted

together and, while still moist, are pressed into the hol-

lows of the type. A sheet of stout unsized paper, called

"plate paper," is then laid on top, and a strong pressure

applied. In this condition the paper matrix is dried and

hardened by a gentle heat until it is fit to be used for

casting the metal. For this purpose the matrix is placed

on the internal surface of an iron semi-cylinder, with the

face containing the impression of the type inward. The

matrix is held in place by clamping screws, a cylindrical

iron core occupies the central part of the semi-cylinder,

a small space being left between the concave face of the

mold and the convex surface of the core. This interven-

ing space is then filled with a molten metal composed of

an easily fusible alloy of lead, antimony and other metals.

This takes the form of the mold with great accuracy,

and when the metal is solidified, which happens very

quickly, the core is first lifted out and then the plate

in the form of a semi-cylinder, the internal surface of

which has exactly the diameter of the external surface

of the roller of the machine on which it is to be placed.

This semi-cylindrical plate is one-half the length of the

roller, and represents one page of the newspaper, so that

four such plates are fixed on the circumference of each

revolving cylinder. At first it required half an hour to
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make a single plate by this process, but now a plate is

made in about seven minutes, and a half-dozen dupli-

cates of the same plate can be made in 15 minutes, as

the process of casting in no way injures the paper mold.

The process of stereotyping is used for all styles of

newspaper presses, and frequently for book work of the

cheaper grades.

The perfecting of the stereotyping process gave a

great impetus to the development of the newspaper as

we know it to-day. The type-revolving printing presses,

with their capacity of from 10,000 to 20,000 sheets an

hour, were the marvel of their time, and did good service

during the Civil War from 1861 to 1865. Effective as

they were, their supremacy was shortlived, and they are

now only a memory. In 1863 the first web perfecting

press was erected by Bullock, and the printing industry

experienced another great revolution whose ultimate

results are the marvelous machines now in use, capable

of turning out from 50,000 to 100,000 papers, perfected

and folded, in an hour. The Hoe Octuple press of the

present day is indeed one of the modern mechanical

wonders of the world. This press prints, folds and cuts

96,000 complete eight-page papers per hour, or 1,600

every minute, or 48,000 sixteen-page papers, the size

of the page being that of the ordinary newspaper. The

press is fourteen feet high and twenty-five feet long. It

contains eight impression cylinders, each cylinder hav-

ing a capacity for eight stereotype plates or pages on its

circumference. The paper of double width is fed from

four independent rolls, seventy-three inches wide, one

side being printed upon as the paper passes over the set

of stereotype plates on one cylinder, and the other side

being printed upon as it passes over the plates of another

cylinder. The paper travels through the cylinders at
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the rate of thirty-two and one-half miles per hour, the

sheets being automatically cut, pasted, folded and

counted out in bundles of twenty-five. Although the

work is automatically performed after the press is started

it requires the work of ten men and boys to operate the

machine and to remove the folded sheets as fast as they

are printed.

In 1893 an innovation was introduced into news-

paper printing. This was the colored supplement, now
so popular in the Sunday editions of the great metropoli-

tan dailies. The idea had long been a fixed one in the

minds of newspaper proprietors, but it was impossible to

carry it out because up to the date mentioned no

machine equal to the quality of work required had been

produced. The press which finally met the require-

ments was that invented by F. Meisel. This press not

only prints in four colors in one operation, but prints on

both sides, folds, cuts and delivers the sheet free from

smudge or offset. The principle involved in the print-

ing of a sheet in three colors and black is that of the

solar spectrum, which reduces light to the three primary
and the four secondary colors, and by the application of

the primary colors, one over the other, succeeds in the

production of not only the three colors, but by different

surfaces on the printing blocks, obtains the different

tones which make color printing acceptable and artistic.

The press frame is built in the form of two double arches,

between which the different cylinders are placed, there

being two cylinders for each color, one to carry the

plates and the other on which the printing is done.

When the paper is inserted between the first pair of

rolls it strikes the yellow, the first color to be printed.

This is the first color printed in all processes of printing,

and in lithography is called the foundation color. The
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olates, which are electrotypes of engravings or the

engravings themselves, are made flat, and afterward bent

to a size suitable for the cylinder made to receive them.

In close proximity to the cylinder is a semi-circular car-

nage holding the form rollers. These rollers are

adjusted in sockets, so that when the carriage is brought
into position the inking rollers come in exactly the

proper contact with the plates. To supply the rollers

with ink the same device common to all presses is used.

A fountain of ink is placed in close proximity to the

rollers. An iron cylinder revolves slo\vly in the foun-

tain, presenting a new surface to the fountain roller at

every trip which the latter makes to the vibrating dis-

tributing roller, which first receives it. The latter is a

large roller of steel, which comes in contact with two

inking rollers. The ink is well distributed before it

reaches the plates by a series of rollers. From the yel-

low the band of paper passes to the red plates, which are

inked in the same way. The result thus far obtained is

a sheet of paper clearly printed not only in yellow and

red, but there also appear the different tones of orange

produced where the red is made to cover the yellow, the

depth of tone being dependent upon the relative

strength of the yellow and red. The sheet having
received its impress from the red cylinder now passes

to the blue, from which it emerges colored in all the

gorgeous tints of the rainbow. Not only do the yel-

low, red and blue appear upon the sheet, but all the tints

which combinations of those colors naturally produce.

After the colors are printed the paper passes to the black

rollers. Then it is ready to be printed on the other side.

As it leaves the black cylinder the paper is joined by an

offset web of manila paper, and together the two webs

pass through the last pair of printing cylinders. The
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idea of the offset web is to take the surplus ink from the

first side, and as it constantly presents a fresh surface

the printed paper is freed from smut. This press runs

at a marvelous speed considering the complications

involved in its work. Seven thousand eight-page sec-

tions are printed in an hour, and even a higher speed is

possible at the risk, however, of an inferior output.
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Queen Victoria, II. 407; Queen Victo-

ria's husband, V. 421; becomes private
secretary of the Queen. 421

; opens crys-
tal palace, 423; death of, 427, 41i.

Albertus Magnus, scholastic philosopher,
I. 433-4.

Alblgenses. religious sect, crusade against,
I. 337-8; 424; II. 20.

Alboln, king of Lombards. I. 303.

Alcaeus, Greek poet, I. 159.

Alchemy, first brought into Spain, X. 207;
not ridiculed by modern chemists, 219.

Alclblades, Athenian statesman, I. 118;
leads expedition a^alnFt Sparta, 110; re-

called, 119; aids Spartans, 119; returns
o Athens. 120; assassinated, 121.

Alcruan, Greek poet, I. 159.

Alitnran. See Koran.

Alcott, L. M., IX. 503; her stories, 503.

Alcuin, scholar, I. 411.

Aldrich, T. B., IX. 490; his writings, 480.

Aleardi, Aleardo, Italian poet, IX. 379-80.

Alemanni, I. 275; VI. 96.

Alexander, king of Epirus, VI. 4.

Alexander the Great, VI. 1-44; character

of, 1, 2; victories of, 1 seq; becomes king
of Macedonia, 2; education of, 3-4; en-

ters Thessaly, 6; defeats the Thracians
and Triballi, 6-7; defeats the Illyrians,
9 ; destroys Thebes, 1 1 ; campaign in

Asia, 12; fleet and army of, 12-13; de-
feats the Persians, 13-15; victorious
inarch of, 15-20; dangerous adventure of,

18; defeats Persians at Issus, 21-24;
assumes title, "King of Asia," 24;
his siege of Tyre, 25-7; his expedition in

Egypt, 27-8; in Assyria, 28; defeats Per-

sians, 29-31 ; invades Persia, 31 ; destroys
Persepolis, 32; his march east, 34-8;
marries Roxana, 37; defeats Indians, 38-

42; return of, 40-44; his march routes,

42-4; marries Statcira, 42; death of, 3,

44; I. 125; his greatness, 126; first expe-
dition against Persia, 127; second expe-
dition, 127; battle of Arbela, 128; his

conquest of Asia, 129; his plans, 129;
death of, 129; his work, 130; conquers
Egypt. 33; takes Jerusalem, 60; tutored
by Aiistoteles, IV. 108.

Alexander of Parma, VII. 278.
Alexander I of Russia, declares war

against Napoleon, VI. 318; IX. 358.
Alexander II, czar of Russia, II. 393.
Alexander III, czar of Russia, II. 399.

Alexander, son of Aeropus, his plot against
Alexander the Great, VI. 17-18.

Alexander, P., VIII. 12.

Alexandria, city of Egypt, I. 65; library at

burned, 245; taken by Napoleon, VI.
304.

Alexandria, battle of, VI. 306.
Alexandrians. See Neo Platonists.
Alexandrine War, I. 244; result of, 24(5.

Alexius I, Comuenus, Greek emperor, I.

343, 344.

Alfred the Great, kins of England, I. 331.

Algebra, early knowledge of, I. 436.

Alixer, Horatio, IX. 501.

Alger, Russel A., III. 353.

Alger-Milcs controversy, III. 382.
Alice princess, daughter of Queen Victor-

ria, V. 4,13; death of, 433.

Ali, son-in-law of Mohammed, V. 79;
made caliph, 81

; opposed by Ayesha,
82-4; defeats Ayesha. 84-5.

Alien Act, III. 91; VIII. 221.
Alison. A., IX. 115; his "History of

Europe," 115.

"All the Year Round," Dickens' editor-

ship of. IX. 74.

Allen, Fthan. III. 53.

Allen, J. L. , IX. 490; his writings, 496.
Allied nrmiet against Napoleon, VI. 312.
Alloididal land, deiinition of, I. 40-1.

Allotropism, examples of, X. 219.

Alma-Tudema, L., Holland painter, II.

443.

Almrimst, Karl, Swedish author, his "Bo -k

of the Thorn-rose," IX. 355; romantic
life of, 355.

Alonzo, crown prince of Portugal, marries

daughter of Isabella, V. 155.
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Alphonso XII, king of Spain, II. 386.

Alsace, taken by the Germans, II. 340.

Aluminum, X. 170-2; theories of, 170; ex-

periments in producing, 170; by whom,
170; Hall's cheap method of produc-
ing, 171; future of, 171-2; supplanting
iron and steel, 172.

Alva, Duke of, V. 209; his treasures

seized, 209; II. 46-7; VII. 257; cruel

acts of in the Netherlands, 263 seq. ; is

recalled, 268.

Amades, Duke, II. 382.

Amalfl, city of, I. 421.

Amaru, Tupac, III. 395.

Amasis.king of Egypt, I. 33; IV. 46;
and Pythagoras, 46.

Ambrosius, Johanna, German poetess, life

of, IX. 342; poetry of, 342.

Amenophis, king of Egypt, I. 31.

America, present countries of III. 390.

"American Commonwealth," Bryce's, IX.
156.

American flag first saluted by foreign

power, VI. 256.
American Literature, IX. 392; first be-

ginning of, 392.

American Philosophical Society, publishes
geological papers, X. 263.

American statesmen, compared, VIII.
397-8.

Ames, Fisher, VIII. 191; IX. 395; III. 84.

Ames, Oakes, III. 291; scandal of, 292.

Ames, Oliver, III. 291.

Amicis, Edmondo de, Italian scholar, IX.
381; books of travel by, 381.

Amiens, treaty of, VI. 311.

Amina, mother of Mohammed, VII. 129.

Ammon, of Scripture, V. 9; leaders of

called to meet Holofernes, 9.

Ammonian Oasis, visited by Alexander,
VI. 28.

Ampere's experiments, X. 141; his spiral,
141.

Amurath I, sultan, II. 7.

Anacreon, Greek poet. I. 159.

Anaesthetics, discoveries of, X. 346;
nitrous oxide, 346; ether, 346; chloro-

form, 347; opposition to, 348.

Anastasius, emperor of Constantinople,
VII. 116.

Anatomy, study of, X. 344; body snatch-

ing, 344.

Anaxagoras, I. 165 ; IV. 53 ; his youth, 53 ;

reception of his philosophy, 54 ; his

death, 55; his metaphysics, 55; his phy-
sics, 55; accused of heresy, V. 31.

Anaximander, I. 164; IV. 34; his friend-

ship with Thales, 34 ; his philosophy,
34-5; compared to Diogenes, 36.

Anaximenes, his philosophy, IV. 35; com-
pared to Anaximander, 36.

"Ancient Law," Maine's, IX. 154.

"Ancient Mariner," Coleridge's, IX. 45.

Ancyra, VI. 20.

Andersen, Hans Christian, Danish writer,
IX. 346-7; his children's stories, "Won-
der Tales," 346.

Anderson, Major, at Fort Sumter, III. 243.

Andre, John, III. 62.

Andree's balloon expedition, X. 319.

Andros, Edmond, III. 22; his administra-
tion, 23.

Angles, conquer Britain, I. 285, 807.
Aniline discovered, X. 213.

"Animated photography," X. 136.

Anjou, Duke of, almost marries Elizabeth,
V. 210; governor of Holland, 210.

Annam, II. 460.

Anne, queen of England, II. 141 ; her
reign, 142.

Anne of Saxony, wife of William of Nas-
sau, VII. 258.

Annunzio, Gabriele d', Italian author, IX.
381-2; his "Giovanni Episcopo," "Tri-

umph of Death," 381; naturalism of,

382.

Antalcidas, Spartan general, I. 121; ar-

ranges peace, 122.

Antarctic Explorations, X. 319; minor dis-

coveries, 319; Wilkes expedition, 319;
Ross expedition, 320.

Anthropology, beginnings of, X. 288; an-

tiquity of man, 289; Rosetta stone. 289;
cuneiform inscriptions, 290-2; Nippur,
292; primitive tools, 293; first appear-
ance of man, 294; condition of primi-
tive man, 290: American aborigines,

297; mound-builders, 297-9; cliff-dwel-

lers, 300-302; folk-lore, 302; philology,
303.

Anti-corn-law league, II. 410.

Antipater, ruler of Macedonia, rebellion

against, I. 136; victory over Greeks, 130;
VI. 6.

Antioch, founded, I. 135; capture of, 345,
353.

Antiochus the Great, conquers Judaea, I.

61 ; his empire, 61.

Antiochus III, king of Syria, I. 135; de-
feated by Romans, 135, 220, 223.

Antiochus Epiphanes, I. 61 ; drives the
Jews to rebellion, 61 ; his death, 61.

Antiseptics, use of, X. 348.

Antisthenes, founder of Cynics, IV. 88;
education, 88; habits, 89; anecdote of,

90.

Antonina, wife of Belisarius, VII, 120.

Antonius, see Antony.
Antony, L., rises against Octavian, VII.

98.

Antony, M., Roman general, I. 247; aims
at Caesar's power, 248; second trium-

virate, 248; his conduct with Cleopatra,
249; defeated by Octavius, 249; com-
mits suicide, 250; VI. 79, 80, 81; forms
triumvirate. V. 59; meets Cleopatra, Gl ;

Parthian war, 63-4 ; gifts to Cleopatra,
64 ; adopts Caesarion, 65 ; second Parthi-
an war, 65; defeated at Actium, 66-7;
betrayed by Cleopatra, 69-70; suicide of,

70; breaks with the senate, Vli. 95;
triumvirate, 96; his alliance with the

Pompeys, 99; in Egypt, 102; death, 103.

Antwerp, in sixteenth century, II. 43;
sacked, VII. 275.

Anubis, Egyptian deity, I. 38.

Aornos, rock of, VI. 389.
Apelles, Greek painter, I. 170; his per-

severance, 170; his "Aphrodite," 170.

Aphrodite. Praxiteles' statue, I. 169;
Apelles' 170.

Apollo, worship of, among the Greeks, I.

152.

Apollodorus, Greek painter, I. 170.

Apollodorus, rhetorician, VII. 93.

Apothecaries' Act, X. 343.

Appelgrath's type-revolving press, X. 409,

Appomattox, surrender at, III. 266.
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Apries. king of Egypt, conquers Sidon,
I. 32.

Aquinas, Thomas, I. 415; IV. 184; his

"Summa Theologia," 184; 179; ids

life, 180; writings, 182.

Aquitania, revolt in checked by Charle-
magne, VI. 97-8.

Arabia, condition of at the time of Maho-
met, VII. 127-9; rises against Mahomet,
135-6; under Mahomet's rule, 143.

Arabs, The, early expeditions by, II. 448-

9; in Persia, 458.
Arabs. See Saracens.

Aradus, Phoenician island, VI. 24, sub-
mits to Alexander, 24.

Aragon, and its Cortes, I. 392.

Aratus, head of Achaen League, I. 140.

Arbela, battle at, I. 128; description of,

128; VI. 31.

Arc lamps, devised by Serrin, Siemens,
Brockie, Duboscq, X. 125.

Arcadia, academy of, IX. 372; Arcadian
school in literature, 372.

Areesilaus, revives the Academy, IV. 149.

Archidarrms, king of Sparta, invades At-

tica, VII. 77-8.

Archilochus, Greek musician, I. 171.

Archimedes, defends Syracuse, I. 148;
death of, 148; his lever, X. 65.

Architecture, Greek, I. 1G6; three styles,

166.
Architecture in the Middle Ages, I. 428.

Archon, office of, first instituted among
the Greeks, I. 101; becomes decennial,
101.

Arcola, battle of, VI. 398.

Arcturus, approaching earth, X. 284.

Areopagus, Senate of, VII. 66; attacked

by Pericles, 07; I. 113-14.

Aretius, invents musical notation. II. 198.

Argentine Republic, area and population
of, III. 391; history of, 400.

Argoli, instructs Wallenstein in astrology,
VI. 161.

Argonautic expedition, I. 89.

Ariobarzanes, Persian general, VI. 32.

Ariosto, II. 69; his "Orlando Furioso,"
70.

Ariovistus, chief of the Snevi, VI. 73.

Arisba, VI. 13.

AnUtides, Greek 1> ader, I. 108; oppose*
Themistorles, 108; banished, 108; re-

called, 108; VII. 43; compared with

Themistocles, 407; ostracized, 47; com-
mands the fleet, 63.

Aristippu-, founder of C'yrenaic school, IV.

95; youth, 95; character of, 96; anec-
dotes of, 97-100; our debt to, 100.

Aristobulus, VI. 19.

Aristoclcs, see Plain.

Aristophanes. Greek wit, I. 162; and As-

pn-ia, V. 28.

Aristotelianism, IV. 191, 192, 203.

Aristotle, IV. 103; precocity of, 104; and
Plato, 105; at the court of Philip,

100; founds Lyceum, 109; death of, 111;
his will, 112-14; anecdotes of, 114; his

phil(sopl:y. 117; his logic, 121; 'Tate-

gorius," 122; his theory, X. 207; VI. 4.

Ark of the Covenant, VII. 7.

Arleton's Amphibulus, X. 29.

Armada, Spanish, II. 59; defeat of, 6<>;

V, 219.

Arminius, chief of Chernsci, I. 264; de-
feats Varus, 265, effect ck his victory,
264.

Aimstrong's hydraulic crane, X. 235; ac-
cumulator, 235.

Army reorganization bill, III 385.

Arndt, Ernst, German writer, patriotic
\voik of, IX. 307-8.

Aruheim, Wallensteiu's general, VI. 177.

Aruim, Ac'.im v., German poet, IX. 297.
Arnold Benedict, III. 55; his expedition

against Quebec, 55; at Saratoga, 60;
his conspiracy, 62; VIII. 27.

Arnold, K., IX. 167; his "Light of Asia,"
167; other poems, 168.

Arnold, Mary, see Ward, Mrs. Humphrey.
Arnold M., IX. 96, 134; his "Essays iu

Criticism," 134; visits United States,
135; death of, 136.

Arnold, T., IX. 113; his "History of

Rcme," 113.

Arphaxad, king of Media, V. 8.

Arras, Franquet of, attacks Burgundy, V.

110; is defeated by Joan of Arc, 110; be-

headed, 110.

Arsames, satrap of Tarsus, VI. 20.
Artabanus murders Xerxes, I. 75.

Artaphernes, Persian general, I. 74.

Artaxerxes Longimanus, Persian king, I.

60, 75.

Artaxerxes II Mnemon, fights his brother

Cyrus. I. 76; his reign, 76.

Arthur, Chester A., elected vice-president,
III. 328; becomes president, 333; his

administration, 335.
Articles of Confederation. III. 68.

Artillery, modern, X. 370; Hotciikiss gun,
376; Gatlins, 376; Maxim gun, 376.

Aryans, I. 6; deiivsUiou of the woid. 0;
earliest home of, 6; language of, 6. 8,

9; influence of, 7; civilisation of, 9;
subdivisions of, 8; occupy Greece, 8^;
migrations of, 290-7; home of, VII. 35;
nature worship of, 36.

Ascalon, battle of, I. 348; VI. 140.

Ascham. K., instructs Eli/.abeth, V. 202;
his "Schoolmaster," 202.

Assill, Capt., tried by Washington, VIII-
29.

Asia Minor, colonized by Greeks, I. 93.

Asia, Southwestern, division of, I. 22.

Asia, founding of colonies in, II. 4-15;

European poweis in, 446-8; England
and Russia in, 457; exploration in. X.
321 ; survey of India, 321

; Turkestan,
321 ; China and Tartary, 321.

Aspasia, V. 24; born in Miletus 27;
slandered by Aristophanes, 2S; be-

friended by Hociate.. 30; Ilermippus' in-

dictment against, 30; her eloquence. 31;
account of in Plato's Menexenns, 32 36;
her view of the state, 33-34; her fidelity,
38.

Assaye, battle of, II. 454; VI. 333.
Assembly Athenian, VII. 19-20.
Associated Press, X. 408.
Association of ideas. IV. 248-9.

Assurbanipal, Assyrian king, I. 32.

Assyrians, I. 48; subjected to Chaldaea,
48; their empire, 50; civilization of, 51;
their language Semitic, 52; their re-

ligion, 52; art. 52; science, 52; con-
trasted with Babylonians, 55.

Assyrology, history of, 1, 42-43.
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Astronomy, rise of, II. 78; progress in,

X. 274; discovery of Neptune, 275;
other discoveries, 276-8; comets, 278;
spectroscope, construction of, 279-81 ;

spectrum analysis, 280; Fraunhofer's in-

vestigations, 280; solar spectrum, 282;
the sun, 282; spectra of the stars, 283;
telescopes, 285; application of photog-
raphy, 287; aided by evolution theory,
256.

Astro-photography, X. 287; Keley's dis-

covery, 287; charts of the heavens, 287.

Astyages, king of the Medes, dethroned by
Cyrus, I. 70.

Asurnasirpal, king of Assyria, I. 49; his

buildings, 49.

Athelstan. king of England, I. 331.

Athena, Phidias' statue. I. 167.

Athens, early history of, I. 100; Draco's
laws, 102; Solon's constitution, 103;
Pisistratus, 103; becomes pure democra-
cy, 105; age of Pericles, 112; compared
to Sparta, 115; wars with, 116; fall of,

121; constitutional development of, VII.

i>4-65; revolt of Thasos against, 65:

fortified, 68; height of her power, 70;
revolts against, 70: wars with Sparta,
77-80; plague in, 7S-9 ; government of,
VII. 15; lower and upper classes in,

10-19; new constitution of, 18-20; de-

mocracy of, 22; pledge of to Solon, 22;
44; VI. 5, 9, 11.

Athens, city in Greece, luxury in, V. 25;
position of women in, 25-7; marriage
laws of, 28; architecture in. 29.

Atia, mother of Augustus, VII. 93.

Atlanta, Sherman's march to, III. 265.
"Atlantic Monthly," IX. 434; its contrib-

utors, 434.

Atr.rnic theory of Democritus, IV. 59.

Attains, king of Pergamus, I. 229; death
of, 229; will of, 223.

Atterbom, Peter, Swedish poet, IX. 353.
Attica, peninsula of Greece, I. 87.

Attila, chief of Huns. I. 285-6; descrip-
tion of, 287; defeated by Romans, 287.

Auber D., French composer, II. 441.

AuchmuUy, R., founds industrial school,
X. 337.

Auerbach, Berthold, birth and education
of, IX. 327; his "Black Forest Village
Stories," 327.

Auersperg, Anton von, Austrian poet, IX.
309.

Augier, Emile, French dramatist, IX. 234-
5; his "M. Poirier's son-in-law," 235.

Augsburg, diet of, VII. 238.

Augustan age, I. 257.

Augustus, O. Julius Caesar Octavianus,
Roman emperor, VII. 93-111

; lands at

Brundisium, 94
; claims to be Caesar's

heir, 94; pays Caesar's legacies, 95;
elected consul, 96; triumvirate, 96; de-

feats Brutus, 98; takes Perusia, 99; all

powerful in Italy, 100; conflict with
Antony, 100-103; return to Rome, 103-

4; consolidates his power, 104; called

Augustus, 105; tour through provinces,
1056: his lepions, 106; policy. 106-7;
character, 107-8; wa v against Germans,
108; conspiracy of Cinna, 108-9; family
troubles, 109-10; death, 110; persoml-
ity, 110-111; opposes Antony, V. G5; de-

feats Antony at Actium, 60-67; cam- i

paign in Egypt, 09: dealings with Cleo-
patra, 72-3; I. 189.

Augustus Caesar, see Octavius.

Auletes, see Ptolemy.
Auramazda, see Ormuzd.
Aurelian, Roman emperor, defeats hostile

peoples, I. 276.
Aureliup. emperor of Rome, I. 272; hi?

"Meditations," 273.

Aurungabad, temples near, I. 21.

Austen, Jane, IX. 59.

Austerlitz, battle of, II. 261; VI. 314-15.

Austin, A., IX. 1G9; his poems, 169.

Australia, II. 485-90; discovery and his-

tory of, 485-6; convict-settlement in,

486-7; gold in, 487; government and
administration in, 487-8; South Aus-
tralia, how settled, 488; Western Aus-
tralia, 489; exploration of, X. 327;
Stuart explorations, 327; Queensland,
327.

Austria, VI. 224; invaded by a Prussian
army, 227-8, 233-4; rivalry of, with
Prussia, II. 307.

Austrians, defeated by the French, VI.
296-9.

Austrian Succession, War of, II. 182.

Austro-Hungarian empire, constitution of,
V. 286 ; extension of, 286-7.

Autariatae, VI. 8.

Automobiles, X. 28; in France, 29; exhi-
bition of in 1898, 30; petroleum-gas en-

gine for, 30; English law relating to,

30; used for mails in Ceylon, 30; used
in hunting, 31.

Avenbrugger, invents direct percussion, X.
345.

Averroes of Cordova, IV. 757; his life,

158; teachings, 164.

Aviceuna, physician and philosopher, I.

436.

Avignon, ceded to France, VI. 299.

Ayesha, wife of Mohammed, V. 74 ; mar-
ried to Mohammed, 75 ; slandered by
Mohammed's enemies, 76; defended in

the Koran, 76 7 ; nurses Mohammed, 79;
called "Mother of the Faithful," 80;
sides with Omar, 80; opposes AH, 81-2;
leads her army to Basra, 82; her camel
"The Army," 82; incident at Jowab,
83; defeated by Ali, 84-5; confined to
her house, 85; last act of, 86; death
of, 86.

Azeglio, Massimo d', VII. 376.

Azof, captutred by Peter the Great, VII.
315.

Azzolini, admired by Christina, V. 242.

Baber, sultan, I. 18.

Babinet, investigates comets, X. 278.

Babington, introduced to Mary Stuart,
214- nndprta VPI to frpp her. 21 JV
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Bacon, Delia, IV. 205.

Bacon, Francis, IV. 204-27; different opin-
ions about, 204-7; Bacon-Shakespeare
controversy, 205; his philosophic meth-
od, 205, 207, 208; his "Novum Org;;n-

um," 208, 211, 212; birth and death
of, 213; parents of, 214; sketch of his

life, 214 seq. ; public career of, 215-6;
charged with corruption, 216; judged by
Pope and Jonson, 216-7; his b.opira-

phers, 217; fictitious bigoraphy of, 218-

i7; defense of against biographies, 218-

27; circumstances to his death, 223-0.

Bacon, Nathaniel, III. 74.

Bacon, K., scholar, I. 434-5.

Bacteria, description of, X. 355.

Bacteriology, progress in, X. 354; early
knowledge of, 354; Pasteur '

experi-
ments, 354; Koch, 355; bacteria, 355.

Bactria, chief cities of captured, VI. 35.

Bagaos, ruler of Persia, V. 7.

Bagdad, province in Asiatic Turkey, ca-

liphs of, I. 315; defeated by Mongols,
315; luxury in, 316.

Baggesen, Jens, Danish comic writer, IX.
344-5.

Bagley, Worth, III. 372.

Baihut, M., II. 355.

Bailey, P. J., IX. 97; his "Festus," 97.

Baiiiie, Joanna. IX. 60; her "Plays on the

Passions," 60.

P.ailly, J., mayor of Paris, attacks ex-

treme rebels in Champ de Mars, V. 375.
Bajizet, sn'tan, II. 7.

Baker, explorations and discoveries of, X.
306.

Balaklava, battle of, II. 364.
Balboa, discovers Pacific, III. 5.

Baldwii of Flanders, I. 352.

Balfour, A. J., IX. 148.

Baliol, John, claimant for the Scottish

throne, I. 369; \i. 145.

Ballard, plans an insurrection against
Elizabeth, V. 214.

Balloon, use of in warfare, X. 380; at
battle of Santiago, 380; see also Aero-
nautics.

Baltimore & Ohio R. II. strike, III. 322.

Balzac, Honore de, IX. 224, 220-32; re-

alis-m of, 229: chamber of, 2,'iO-l ; his
"Human comedy," 230, 231.

Banproft, (leo., IX. 44:i ; his public career,

444; his "History of the United States,"
445.

Barrie, J. M., IX. 189; his novels, 189.

Barry, Marie, intrigues of toward Mario
Antoinette, V. 354; her part in wedding
catastrophe, 354; withdraws, 356.

Banim, John, his "Collegians," IX. 84.
Bank of England, II. 220.
Bank of the U. 3., Jackson and, III. 159.

Banks, N. P., elected speaker. III. 218.
Bannockburn, battle of I. 370; VI. 15C.

Barbarossa, corsair, VII. 227; defeated by
Chas. V. 227.

Barbary States, in war with America, VI.
351 3 370.

Barra. Calderon de la. II. 158.

Barcelona, rommerce of, I. 422.
Barclay, Commodore. VI. 361.
Barere, B., French Jacobin. V. 384-5.

Barham, R. II., IX. 107; his stories, 107.

BarlriR-Oould, ., IX. lKO;his novels, 181

Barker, Wharton, III. 330.

Barlow, Joel, American poet, IX. 898,
399, 400.

Barnard, makes micrometie measurements
of Ceres, X. 278.

Barnave, A., French revolutionist, V. 376;
on good terms with Marie Antoinette,
376; abandons her, 377; is guillotined,
377.

Barrett, Elizabeth, IX. 103; education,
103; marries Robert Browning, 104;
poems, 104; death of, 104.

Barry, W. T., postmaster-general. III.

161.

Barsantes, Persian satrap, VI. 33.

Barth, explores Central Sudan States, X.
305.

"Bartholomew, Massacre of," V. 183;
news of received in England, 209.

Bastile, key of, VIII. 38.

Battenberg, A., prince, V. 431.

Battle-ships See Man-of-War.
Baudelaire, Charles, IX. 226.

Baudricourt, governor, receives Joan ol

Arc. V. 93.

Bautzen, battle of, VI. 320.

Bausset, L., prefect of palace, V. 407-8.

Bavaria, invaded by Charlemagne, VI.
103-4.

Bayard, Thos. F. III. 337.
Bazaine, marshal of France, II. 333.

Bazin, Rene, French writer, IX. 264.

Beaconsfield, Lord, see Disraeli, Benja-
min.

Beatrice, princess, daughter of Queen
Victoria, married to Prince Battenberg,
V. 431

; favorite of Queen Victoria, 433.

Beauharnais, A., husband of Josephine,
V. 392; brings suit for divorce, 393;
elected to national assembly, 393; im-

prisoned and guillotined, 394.

Beauharnais, E., V. 392; apprentice to a
carpenter, 394.

Beauharnais. Hortenie, V. 393 ; apprentice
to a milliner, 394; brought to Campan's
resort, 396; buried in church at Rueil,
413; mother of Napoleon III, 413.

Beaulieu, J., Austrian general, VI. 295,
296.

Beaumarchais, P., French dramatist, his

'Marriage de Figaro" prohibited, V.
362-3; VIII. 69.

Beaumont, battle of, VI. 379
Becket, Thomas a, I. 362-3.
Bede, historian, I. 411.

Bedford, John, duke of, his letter to
Charles VII, V. 104; purchases Joan of
Arc from John of Luxemburg, 114.

Bee culture, X. 193.

Beethoven, Ludwig, II. 437-8.
Behistun inscription, deciphered by Raw-

linson, X. 291.

Behring Strait, exploration of. X. 312.
Beidawi. Arabian commentator, V. 77.

Beke, explores Abyssynia, X. 304.

Belgium, separates from Holland, II. 286.

Belisarius, Byzantine general, I. 303; mil-

itary career of, 303; VIII. 118; victori-

ous in Africa, 119; his triumph, 119;
in Italy, 119-20; sent against Persia,
120; retired, 120; se.it again to Italy,

121; death of. 121; his relations to
Justinian, 121-22.

Bellamy, K., IX. 497; his writings, 4(X
Bellinghausen expedition, X. 319.
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Rpllini, V., Italian composer, his "Nor-
ma," II. 440.

Bell's telephone, description of, X. 58.

Kblshazzar, king of Babylon, I. B4.

Benedict, founder of Benedictine order, I.

414.

Benedictines, religious order, I. 414.

Benevcntum, battle of, I. 138.
Beuevenuto Cellini, sculptor, I. 392; II.

85.

Benhadad, king of Damascus, I. 49.

Bennett, J. G., and Lincoln, VIII. 342.

Benniugton, battle of. III. 59.

Bentham, J., founds "Westminster Re-
view," IX. 21.

Bentinck, George, 11.411; VII. 336.

Beranger, Jean Pierre, French poet, IX.
208-10; character and work of, 210.

Berengaria, wife of Richard Coeur de Lion,
VI. 138.

Berg-oe, Wilhelm, Danish author, his
"From Piazza del Popolo," IX. 347.

Bering sea award, II. 432.

Bering seal controversy, III. 344.

Berkeley, George, IV. 252, 273-82; ideal-

ism of, 273, 277-81 ; his personality,
274; birth and boyhood of, 274-5; prin-
cipal works of, 275; his sojourn in

America, 277; death of, 277; teachings
of, 279, 280-1; theories of discussed,
281-2.

Berkeley, Wm., governor of Virginia, III.

13.

Berlin, occupied by Russians and Aus-
trians, VI. 243.

Berlin, Congress of, II. 371 ; VII. 340.
Berlin Decree, Napoleon's, III. 118.

Bernadotte, Marshal, king of Sweden, VI.
340.

Bernard, St. of Clairvaux, I. 349.
Bernard, Gov., VIII. 80; and Samuel
Adams, 92; recalled, 94; meets Wash-
ington, 37.

Bernoulli, mathematicians, II. 201.
Berthelot, foster father of synthetic

chemistry, X. 216; quoted, 216.

Berthier, L., French general, VI. 818.
Berthollet's invention, X. 116; his doc-

trines, 208.

Berzelius, value of his labors, X. 211 ; his

system of chemical symbols, 211.

Besant, W., IX. 183; his norels, 184.

Bessemer, H., X. 166; his great invention,
167-9.

Bessus, governor of Bactria, I. 128; mur-
ders Darius, 128; death of, 129; VI. 33,
356.

Bestucheff, Russian chancellor, and Cath-
erine II, V. 329.

Beyle, Henri, French writer, IX. 213-4.

Bichat's "Anatomie Generale," X. 345.

Bicycle, origin of, X. 26; oldest picture
of, 26; patented in France. 27; in D. S.

1819, 27; first of iron, 28; use of in

war, 380.

Diddle, Nicholas, American financier, his

trouble with President Jackson, VIII.
248-50.

Biela's comet, X. 279.

Biology, effect of evolution theory on, X.
257.

Binney, J. G., publisher of "The Philan-

thropist," VIII. 372-3; III. 162.

Biscoe, J. , discovers Enderby's Land, X.

319; Adelaide Island, 319.

Bismarck, Otto von, VII. 402; training,
403; enters politics, 404; unites Ger-
many, 405; "Blood and Iron" policy,
411; in Franco-German war, 415; and
William II, 422; 310; death of, 424; VI.
377; II. 343; and William II. 346.

Bissell, Wilson, Postmaster-General, III.

347.

Bjornson Bjornstjerne, Norwegian author,
IX. 350-1; works of, 351; personality of,
351.

Blacas, P., Bourbon minister, V. 412;
orders the body of Hortense's son re-

moved from Notre Dame, 412.

Black, W., IX. 181; his novels, 182.
Black Death, ravages of, I. 376 ; X. 360.
Black Forest, battle in, VII. 108.
"Black Forest Village Stories," IX. 327.
Black Hawk war, III. 159.

Blackmore, R. D., IX. 180; his "Lorna
Doone," 180.

Blackwood's Magazine, IX. 21 ; "Chris-
topher North," 21.

Blaine, J. G., and Conkling, III. 304.

Blair, M., and Robt. Lee, VI. 409.

Blakiston, surveys Yang-tse-Kiang, X,
321.

Blanchard lathe, X. 113-4.

Bland, Richard P., III. 351.
Bland-Allison Act, III. 320.

Blenheim, battle of, II. 122.

Blind, education of the, X. 340; Braille

system, 340; Helen iCeller, 341.

Bliss, Cornelius N., III. 353.

Blood-vessels, ligation of, X. 351
; famous

triumphs, 351.

Blount, Wm., of Tennessee, III. 95.

Blucher, G., Prussian general, VI. 322,
325.

Boadicea, female ruler in Britain, I. 306.

Bocquoi, Austrian general, VI. 166.

Bodenstedt, Friedricli, German poet, his

"Songs of Mirza Scbaffy," IX. 321.

Boethius, A., Roman philosopher, I. 298.
Bohemond of Tarentum, I. 343, 346.

Bohl de Faber, Cecilia. See Caballero F.

Boilefiu, II. 154.

Boilers, X. 78-9.

Bois-Guillebert, economist, II. 211.

Boleyn, Anne, mother of Elizabeth, V.

198; beheaded, 200; married to Henry
VIII, II. 53.

Bolivar, Simon, III. 397; and Miranda,
398; declared protector of Peru, 399;
VIII. 226.

Bolivia, statistics of, III. 391.

Bollan, agent for Massachusetts Bay
council, VIII. 03.

Bologna, Concordat of, VII. 194.

Bolometer, invented by S. P. Langley, X.
156.

Bonaparte, Joseph, made king of Spain,
VI. 317.

Bonaparte, Lucien, VI. 307, 308.

Bonaparte, Napoleon See Napoleon Bona-
parte.

Bond, discovers Hyperion, X. 2SG.

Bonheur, Rosa, French painter, II. 442.

Bonhomme Richard and Serapis, battle

between, VI. 259, 200-2; VIII. 71.

Boniface VIII, straggles with Philip the

Fair, I. 374.
Book of the dead, Egyptian, I. 39.

Books, scarcity of in the Middle Ages, I.

410.
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Book-binding, modern, X. 394.

Boone T., uses balloon at battle of San-
tiago, X. 380.

Booth, J. W., assassinated Lincoln, III.

267.

Bopy's "conjugation system," X. 303.

Borel, Peuus, French poet, IX. 226.

BoreHi. aided by Christina, V. 241.

Borgia, Caesar, and Machiavelli, VII. 174.

Born. Ludwig, German writer, IX. 312.

Borodino, battle of, VI. 319.

Borrow, Geo., IX. 89, his books, 89.

Bossuet, II. 154.

Boston fire, 1872, III. 296.
Boston massacre. III. 47; VIII. 94.

"Boston Tea Party," VIII. 98.

P.osworth, and Daniel Webster, VIII. 297.
Bosworth, battle of, I. 382.

Botta, British consul at Mossul, Assyria,
X. 4.

Botta, Carlo, Italian historian, his "His-

tory of the War of Independence in

America," IX. 375.

Botta, P. A., archaeologist, I. 42.

Boulak, Museum of, I. 29.

Roulanger, Gen., II. 354.
Bounarotti. See Michael Angelo.
Bourchier, Elizabeth, VI. 190.

Bonrgc-t, Paul, French novelist, IX. 264.

Bouvines, battle at, I. 373.

Boussard. discovers Rosetta stone, X. 2S9.

Bowles, Caroline, IX. 48.

Boyd, Linn, elected Speaker, III. 206.

Braddock. Gen. Edward, VIII. 10; his de-

feat, 10.

Bradford, Wm., VIII. 181; opposes Frank-
lin, 44, 58; III. 17.

Bradlangh. C., English radical, V. 434.

Bradley, James, II. 202.

Brady, Thos. W., 111. 326.

Brapc, B.. III. 255.

Braham's hydraulic press, X. 234 ; descrip-
t!(.n of, 2:!!.

Brahe, refuses to assist at Christina's ab-

dication, V. 234.

Brahe, Tycho, II. 79.

"Brahma Caste" at Boston, VIII. 388.

Brahma, Hindoo deity, I. 19.

Brahminism, I. 19; philosophy of, IV. 4-7;
its cosmogony, 0; its parallelism with
the evolution theory, 6; its antiquity, 7.

Biahmii.s, Hindoo ca-te. I. 18.

Bramante. lebuilds St. Peter's, VII. 191.

Brnnd found-; Society fur Improvement of

Animal Chemistry. X. 209.

Brandes, Gcorg, Danish critic, his "Main
Currents of Nineteenth Century Liter-

ature," IX. 347; other works by, 347-8.

Brandvwine, battle of, VIII. 22; III. 60.

Brasidas, Spartan general, I. 118; death
of, 118.

Braun, Marshall, defeated by Frederick,
V 303.

Brazas, Persian satrap, VI. 33.

Bra/.il. area and population of, III. 391;
becomes a republic. 401.

Breitenfeld, battle of, VI. 174.

Bremen, city of, established, I. 418.

Brptncr, Frrdrikn. Swedish novelist, life

and works of, IX. 357.

Brontano, Clemens, German author, IX.
297.

Brescia, council of, VII. 155.

Breslau, surrender of, VI. 238,

Brewster, Benj. H., III. 333.

Brice, Calvin S., III. 340.

Brick-making, X. 111.

"Budge of Sighs," Venice, I. 390.

Bridges, early, built of wood and stone,
X. 07; modern steel bridges, 67; in V.

ti., 07; first suspension bridge, 07; prin-

ciple of, 68; dimensions of, 08; Brooklyn
bridge. 68; cantilever bridges, 69; Forth
bridge. 69.

Bright, John, II. 410; V. 434.

Brill, town of, captured by De la Marck,
VII. 266.

Brinton, D., on folk-lore, X. 302.

Brissot, French Girondist, VIII. 189.

Britain, inhabitants of, I. 306; struggle
against Humans, 300-7 ; races in, 307 ;

invasion of Angles in, 307.
British Museum, obtains Rosetta stone,

X. 290.
British Royal Agricultural Society, X.

186-7; prize for steam plow offered by,
194.

Brockdorf, Catherine's description of, V.
328.

Bronte, Charlotte, IX. 91; her "Jane
Eyre," 91.

Bronte, Emily, IX. 91.

Brook Farm Community, IX. 421 ; its

members, 421.

Brooklyn bridge, X. 68; dimensions of, 69.

Brooks, Preston S. , beats Sumner with a

stick, VIII. 291-2; III. 220.

Broom-making, X. 111.

Brougham, Henry, IX. 63.

Broussais, his explanation of fevers. X.
345.

Brown, Charles Rrockden, American nov-

elist, IX. 400 2; influenced by Goodwin,
401; his "Arthur Merwyn," 401; style

of, 401, 403.

Brown, Jacob, III. 138.

Brown. John, III. 231; his raid, 231; con-

victed, 232.

Browning, It., IX. 100; early efforts. 101;
marries, 101; "Ring and the Book,"
101 ; his style, 102.

Bruce, David, VI. 159.

Bruce. Robert. See Robert I of Seotlanri.

lirr.tii.s L'efimus, goes to Gaul, VII. 95;
defepted, 98; suicide of. 9S; plots against
Cni-.ir, I. 247; flees from Rome, 248;
suicide of, 248; VI. Mi, 9i>.

Bru.'c, Robert, claimant for the Scottish
tin one, I. 369, 370; defeats English
army, 370.

Buckingham, favorite of Charles I, VI.
192 3.

Brnnc.-, city of, I. 419.

Brnmmer, von, teacher of Catherine II,

V. 324.

Brunetiere, Ferdinand, French critic, IX.
274-5; as a lecturer, 275.

Bruno, Giordano, IV. 1 87-203; c.nlv life

and education of. 190-1 ; attacks doc-
trines of the church. 91-2; in Paris. 193;
in Kncland, 1915; in Germany. 195-6;
his school at Padua, 197; imprisonment
of, 197; compirrd wit'i G.ililrn. 19S-9;
character of, lit!); philosophy of, 199-2u3.

Brus, Edward de, VI. 157.

Brussels, Union of, VII. 275.

Brntns. Marcus, conspires against Caesar,
VI. 90.
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Bryan, Wm. -J., III. 851.

Bryant, William Cullen, IX. 407-8; hia

"Thanatopsis," 407; his translations of

Homer, 408.

Bryant relief expedition, X. 316.

Bryce, J., IX. 156; his "American Com-
monwealth," 156.

Bucephala, city founded by Alexander, VI.
41.

Buchanan, James, III. 223; his adminis-
tration, 225.

Buckle, H. T., IX. 113; education, 113;
work of, 114.

Buddha. See Gautama.
Buddhism, I. 20; IV. 21; mutability of

things, 22; Nirvana, 22; Karma, 24.

Buddhist psychology, IV. 26.

Buell, Don Carlos, III. 250.

Buft'on, foreshadows evolution, X. 245.

Buildings, tall, X. 75-U.

Building stones, varioxis kinds in U. 3.,
X. 181 ; value of annually, 181.

Bulgaria, constituted an autonomous prin-
cipality, II. 370.

Pull Hun, battle of, III. 246.
Bullock web perfecting press, X. 411.
Bulwer. See Lytton.
Bunker Hill, battle of, III. 54.

Bunker Hill monument, laying of corner-

stone, III. 150.

Bunsen, devises spectroscope, X. 281; his

gas analysis, 221.

Bunyan, John, II. 156.

Burgevinc, Henry, VII, 428.

Burgeyne's surrender, VIII. 23.

Burgundians, I. 299.

Burgundy, duchy of, I. 386; invaded by
Swiss, 387; joined to kingdom of France,
387.

Burgundy, kingdom of, I. 325; united to

the empire, 326.

Burke, Edmund, II. 216; epistle to Cath-
erine II, X. 344.

Burke, Thos., murder of, VII. 363.

Burleigh's rock-boring machine, X. 71-72.

Burne-Jones, E., English painter, II. 444.

Burnett, F. H., IX. 506; her writings. 506.

Burns, John, English politician, II. 431.

Bums, R., IX. 40.

Burnside, Ambrose, III. 254, 260; VI. 420.

Burr, A., VIII. 208; and Hamilton, 20S;
the duel, 211; death of, 212; VIII. 232,
236; III. 97, 114.

Burr-Hamilton duel, III. 112.

Burroughs, J., IX. 177; his writings,
477-8.

Burton. R., visits Mecca and Medinah, X.
322; in Africa, 306.

Bush, Sally, VIII. 323.

Bushnell, H., IX. 436; his writings, 436.

Butler, B. F., captures New Orleans, III.

254.

Butler, Jane, becomes wife of Augustine
Washington, VIII. 5.

Butler, Samuel, II. 157.

Butterworth, H., IX. 501.

Buttons, cheap and rapid production of,

X. 101.

Bnzar, battle of, II. 453.

Byron, IX. 29; early training, 30; first

ventures 30; "Childe Harold," 30;
marries Isabella Milbanke, 31

; separates
from her, 31 ; his literary work, 31 ;

assists Greeks' struggle for independ-
ence, 81; hia death, 32; influence of, 32.

Byzantine empire, I. 300-1; decay of,

804-0.

c

Caballarii, feudal tenants I. 398.

Caballero, Fernan, Spanish novelist, IX.
884-5; family of, 384-5; first Spanish
fairy tales by, 385.

Cable, G. W., IX. 466; his writings, 467.
Cable cars in the U. S., X. 25.

Cables, submarine, early attempts at, X.
55; Field organizes company, 55; first

trial, 55; repeated failures of, 56; Great
Eastern lays cable, 56; present extent
of, 67; cost of, 57; durability of, 57;
system used, 57; laying of, III. 289.

Cabot, John, III. 4.

Cabot, Sebastian, III. 4.

Cabrera, governor of Segovia, rising
against, V. 138.

Cade, Jack, insurrection of, I. 380.

Cadmeia, citadel of Thebes, VI. 9.

Cadwalader, American general, VIII. 19.

Caesar, Julius, I. 189, 237; character of,

237; first triumvirate, 238; campaigns
in Gaul, 241 ; importance of his con-
quest, 242; defeats Pompey, 244; Alex-
andrine war, 244; appointed dictator,
246; reforms calendar, 246; his plans,
246; death of, 247; V. 56; goes to
Egypt, 56; meets Cleopatra, 57; enforces
the will of Auletes, 58; places Cleo-
patra on the throne, 59; killed, 59; VI.

61-92; his ancestry, 62; marriage of,

66; first military service of, 68;
is elected quaestor, 68; mad. gov-
ernor of Spain, 70-1 ; elected consul, 72 ;

defeats the Helvetians, 73 ; subdues
Britain, 74; his campaigns and their re-

sults. 73-6; crosses Rubicon, 80-1; de-
feats Pharnaces, 87; made dictator, 88;
defeats senatorial party, 88; murder of,
91 ; effect of his life work, 91-2.

Caesarion, son of Caesar and Cleopatra, V.

59; killed, VII. 103.

Cagliostro, A., charlatan, proper name of

J. Balsamo, V. 364; connection of with
"diamond necklace," 365, 367; impris-
oned, 367.

Cagniard-Latour, describes yeast-plant, X.
354.

Caine, Hall, IX. 182; "The Christian,"
183.

Cairo, capitulation of, VI. 304.

Calas, VI. 15.

Calatafimi, battle at. VI. 394.

Calder, Robert, II. 260.

Calderon, Serafin, Spanish poet, his col-

lection of old ballads, IX. 385.

Calhonn, John C., VIII. 307; his ideas,
308; education, 309; marries, 310;
elected vice-president, 310; his public
career, 312; nominated for presiden y,

316; death of, 319; 2.39, 244, 246-52,
28fi-8: III. 160, 186.

California, long-distance transmission in,
X. 152; explored, 324; admission Of,

III. 193.

Caliijula, emperor of Rome, I, 268,
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Caliphs, I. 312; of Bagdad, 315; defeated
by Mongols, 315.

Caliphs of Cordova, industries and com-
merce of, I. 316-17.

Calisthenes and Alexander, IV. 108; VI.
37-8.

Callimachus, grammarian, I. 133.

Calonne, C. A., secretary of the treasury
in Fiance, V. 302; II. 233.

Calotype, engraving process, X. 399.

Calvert, Geo., founds Maryland, III. 25.

Calvin. John, II. 25.

Cambodia, II. 460.

Cambon, Jules. III. 380.

Cambray, League of, VII. 178.

Cambyses, king of Persia, conquers Egypt,
1. 33, 73; death of, 73.

Camden, battle of, III. 63; VIII. 27.

Camdc-n's account of Elizabeth's scholar-

ship, V. 201.

Cameron, Simon, and Gen. Sherman, VI.
432.

Camoens, Luis da, II. 74; his "Lusiads,"
74.

Campbell, Hugh, American Captain, VI.
351.

C'ampau, Jeanne, V. 355; writes a book
about Marie Antoinette, 355.

Campbell, John, establishes "Boston
News-Lctter," X. 407.

Campbell, Thomas, IX. 49; his "Hohen-
Hnflen," 49; editor of Colburn's maga-
zine, 50; death of, 50.

Campo-Formio, treaty of, VI. 302.

Campos, Martin, II. 387.

Canada, early explorations in, III. 407;
development of, 409; boundary disputes,
411 ; statistics of, 417.

Canadian Pacific Railway, III. 413.

Cunah, X. 73; length of Chinese, 73; in

the U. S. , 73; Egyptian, 73; mentioned
by Herodotus, 73.

Canine, battle of, VI. 05-6.

Cantillon, M., attempts to kill Welling-
ton, VI. 344.

Cantu, Cesare, Italian historian, his "Uni-
versal History," IX. 875.

Canute, king of Denmark and England,
I. 332.

Canute IV of Denmark, VI. 13:;.

Cape St. Vincent, battle off, VI. 271.

Capet, Hugh, king of France, I. 327

Capital, location of, III. 77; burned, III.

1X7.

"Capital," Man's IV. 330; IX. 38.

Cappadocia, VI. 20; submits to Alexan-

der, 20.

Caprera, Garibaldi's island, VI. 390.

Capron, Allyn K., III. 376.

Capua, raptured by Hannibal, VI. 56, 57.

Caraccioli, F., Neapolitan admiral, VI.
275-6.

Carbolic acid, powerful antiseptic, X. 215.

Carbonari Society, VII. 372.

Carboniferous ae, description of, X. 267.

Carchemi.-h, capital of Khita, I. 43.

Caiducci, Giosue, Italian poet, IX. 380-1;
compared with Leopardi, :i80; his

"Hymn to Satan," 380; "Odi Barbare,"
381.

Carey, A., explores Turkestan and Thibet,
X. 321.

Carey, James, organisator of Phoenix park
murder, II. 128.

Carloton, Guy, VIII. 28.

Carleton, Win., IX. 84, 495.

Carli, Maria Theresa's minister, T. 312.
Carlisle, John G., III. 335.

Carlovingian Dynasty, I. 327.
Carlyle. T., IX. 119; early efforts, 119;

marries, 119; his "Sartor Resartus,"
120; other work, 120; Emerson's Tisit,

120; Carlyle's style, 122.

Carneades, philosopher, IV. 150.

Carnochan, J., surgeon, X. 351.

Carnot, Sadi, president of France, II. 354.
Caroliuas, settled. III. 24.

Carpet-baggers, III. 278.

Carpets, old and new methods in manufac-
turing, X. 111.

Carriases and wagons, X. 111.

Carrier, J., French Jacobin, V. 407.
Carter, Thos. H., III. 348.

Carthage, conflict of with Rome, I. 215-19;
destroyed by Romans, 221 ; VI. 58-9.

Cartier, Etienne, III. 413.

Cartier, Jacques, discovers St. Lawrence,
III. 7.

Cartwright, Peter, VIII. 325.
Casimir III, king of Poland, II. 66.

Cass, Lewis, nominated for president, III.

179.

Cassius, Caius, plots against Caesar, I.

247; flees from Rome, 248; suicide of,

248, I. 198; suicide, VII. 98; conspiracy
of, VI. 90-1 ; minders Caesar, 91.

Castabala, VI. 21.

Castelar, Emilio, Spanish statesman and
writer, IX. ; political career of, works
of, 390.

Castelnau, French ambassador, V. 211;
his account of Elizabeth, 211.

Castera, his account of Russia, V. 323.

Castile, becomes chief Spanish state, I.

392.

Casuists, latter day Sophists, IV. 61.

Cathaians, VI 40.

Catherine II, empress of Russia, V. 320;
her place in history, 321 ; of German
descent, 323; marries Peter, 325; her
memoirs, .'527; rebels against Peter, 331;
obtains throne, 334 ; divides Poland,
336; her favorites, 337; death of, 345;
funeral, 34C; II. 178; VI. 245.

Catherine de' Medici, V. 169; marries
Henry of Orleans, 171; becomes queen-
mother, 174; her influence over her son,
181 ; arranges massacre of Protestants,
183; her encounter with Guise, 188;
murder of Guise, 189; her death, 190;
literature of, 192.

Catholics, emancipation of in Ireland, II.

409, 289.

Catiline's conspiracy, crushed by Cicero,
I. 230.

Cato, Marcus Portius, Roman statesman,
VII. 82-92; in the siege of Tarentum,
82 ; instructed by Nearchus, 82 ; returns
to his farm, 83; his life there, 83; goes
to Rome, S3; piactices law, 83-4; elected

consul, 84; quells insurrection in Spain.
84 ; opposes luxury, 8."> ; inimical to the
Scipios, 86; opposes Greek influence, 86;
as censor, 87-8; death, 88; character,
88-91 ; writings, 91-2.

Cato, Marcus, the Younger, defeated, VI.
88.

Cato, Oticensis. deftated by Caesar, I. 245;
death of, 245.
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Catullus, Roman poet, I. 252; his "Atys."
253.

Caucasian race, spreading of, I. 5; impor-
tance of, 6; subdivisions of, 6.

Cauchon, P., bishop of Beauvais, ap-
pointed to try Joan of Arc, V. 114.

Caucus Club, at Boston, VIII. 89.

Caucus, origin of term, VIII. 84.

Cavalier Parliament, II. 134.

Cavendish, Frederick, murdered, II. 427;
VII. 303.

Cavour, Camillo Bensodi, VII. 369; youth,

370; enters cabinet, 377; becomes prime
minister, 378; in the Congress of Paris,

?,80; his influence, 382; death of, 3S6;
II. 319.

Cavour, Michele di, VII. 36S.

Cdaenae, capital of Greater Phrygia, VI.

19; surrenders to Alexander, 19.

Cellini, Benevenuto, sculptor, I. 332; II

85.

Celts, I. 29G-7.

Censors, Uoman, I. 184 ;
when established.

200.

Census of U. S., 1800, III. 102; 1850, III

183.

Centennial Exposition, Philadelphia, III.

317.
Central America, countries of, III. 390.

"Century Magazine," founded, IX. 459.

Cephren, king of Egypt, I. 30.

Ceres, first asteroid, X. 3; diameter of,

Cervantes, II. 73; his "Don Quixote," 73.

Ceiveru, defeat of. III. 378.

Ceylon, history of, II. 4G1.

Chaerone.1, battle at, I. 125; VI. 4.

Chadwick, French E., III. 359.

Chalais, conspires against Richelieu, VII.

291.

Clialdaeans, different meanings of the

word, I. 45; their country, 45; of

Semitic race. 46; writing of, 47; sciences

of, 47-48.

Chambers' "Vestiges of Natural History

of Creation," X. 246; outline of, 246;

sensation created by, 247.

Chamisso, Adelberti, German poet, hi)

"Peter Schleraihl," IX. 297.

Cliarnp de Mai, annual assemblies of the

Franks. VI. 101.

Champollion, Egyptologist, I. 28; deciphers

Rosetta stone, X. 290.

Chancel's invention, X. 116-7.

Chancellorsville, battle at, III. 261; VI.

492.

Chandler, Wm. E., III. 333.

Channing, W. E.. IX. 418; his pastorate,
418.

Chapultepec, battle at, VI. 447; capture

of, III. 177.

Charlemagne. See Charles the Great.

Charles the Great, administrative power
of, I. 320; promoter of Christianity and

education, 320, 322; hereditary mon-

archy established, 321 ; whole Germany
united, 321 ; crowned king of Lombardy.
321; called "Emperor of the West,"
321; his mode of ruling, 322; character

of, 322; boundaries of his empire, 322-3;

place in history, 323-4 ; umpire divided,

325; VI. 97-109; his wars ngain-t the

Saxons, 98-100; assumes title of king
of Lombardy, 100; second campaign
against Saxons, 100, seq. ; bis victories

in Italy, 103; invasion of Bavaria, 103-4;
enters into Spain, 104-6; numerous bat-
tles with Huns and Slavs, 106-8; is

crowned as emperor of the Koruans, 108;
learning and civilization under, 109;
death of, 109; 93; his advancing civiliza-

tion, 03-4; description of, 94.

Charles VI of Austria, VI. 224.

Charles, archduke of Austria, VI. 300.
Charles I, king of England, II. 128; his

struggles with Parliament, 128; VI. 192,
194; and the "Remonstrance," 194-5;
in the civil war, 196 ; a prisoner, 207 ;

execution of, 208.
Charles II of England, VI. 210; offered

throne of Scotland, 210; invades Eng-
land, 211; II. 133; his reign, 134.

Chailes V, king of France, V. 171.

Charles VI, king of France, I. 376.
Charles VII, king of France, V. 90; his

war with England, 90-91 ; entry into

Khcims, 104; moves his court to Tours,
109; I. 377.

Charles VIII, king of France, I. 377.
Charles IX, king of France, V. 176; in

the hands of Catherine de' Medici, 177;
plots against Coligny, 180; orders gen-
eral massacre, 183; death of, 185.

Chailes X, king of France, II. 285.
Charles V of Germany, VII. 207; his

youth, 208; becomes king of Sp.dn, 209;
his foreign enterprises, 217 ; wars with
Francis I, 219; defeats pirates, 227;
ten years truce, 230; and the Reforma-
tion, 233; Prince Maurice of Germany,
235 ; abdication of 244

; last years of,

248, 251-2; persecution of Netherland-
ers, 2D2-3.

Charles VI, emperor of Germany, V. 285;
loses territory, 287; character of, 288;
his "pragmatic sanction," 209; death
of, 292.

Chailes VII, emperor of Germany, V. 293;
death of, 206.

Charles XII, king of Sweden, II. 173; in-

vades Russia, 174; defeated, 175; death
of, 176; V. 323.

Charles Albert, elector of Bavaria, V. 290.

Charles, Gustnvus, courts Christina, V.

228; nominated successor to throne of

Sweden, 228.

Charles Martel, king of Franks, defeati

Saracens, I. 295.

Chartists, English party, II. 411-2; plans
of, 412.

Chase, Judge, impeached, III. 110.

Chase, Salmon P., American statesman,
VIII. 370-86; education of, 370-1; mar-
riages of, 372; his compilation of "Stat-
utes of Ohio," 372; feelings of to-

ward slavery, 372-3; elected senator, 375;
elected governor of Ohio, 376-7 ; his ser-

vices for Lincoln, 377; as secretary of

the treasury, 378; greenbacks and na-
tional banking under, 378

; resigns as

secretary, 380; appointed chief justice ot

V. S. supreme court, 381 ; personal
traits of, 384; death of, 384; III. 273.

Chasseboeuf, Constantin, French writer,
his "Ruins of Empires," IX. 207.

Chateaubriand, Francois Auguste, his

place in literature, IX. 201; his "Geni*
du christianisme," 202; service of under
Napoleon, 202-3; political career of,

203; death of, 203.
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Chatham, Eart of See Pitt, William.

Chatrian, Alexandre, French novelist, IX.

254.

Chattanooga, battle of, III. 265.

Chatterton's forgeries, IX. 7.

Chaucer, I. 439; Canterbury Tales, 439.

Cbauncey J., commodore, VI. 357, 359.

Checkley, K., married to Samuel Adams,
VIII. 84.

Chedorlaomer, king of Elam, inradei

Canaan, I. 46.

Cheeves, Langdon, III. 126.

Chefoo Convention, VII. 437.

Chemistry, X. 3; wonders of, 206; among
Egyptians, 207; the Chinese, 207; the

Greeks, 207; progress of, in 18th cen-

tury, 207-8; impetus given to, beginning
of this century, 209; organic and inor-

ganic, 212; synthetic, 215; analytical,

321; industrial, 222.

Cheops, king of Egypt, I. 30.

Cherbuliez, Victor, French writer, IX.
2556.

Cherubini, L. , Italian composer, II. 440.

Chesapeake, capture of, III. 120.

Chevalier, meaning of word, I. 398.

Chicago fire, 1871. III. 296.

Chicago, World's Fair at, III. 347.

Chickamauga, buttle of, III. 263.

Chievres, minister of Charles V, VII. 211.

"Childe Harold," IX. 30; its reception,

SO.

Childeric III, last Merovingian king, I.

306.

Chile, area and population of, III. 391 ;

sketch of, -404.

Chile and the U. S., 1891, III. 343.

China, age of its civilization, I. 10; con-

nection with Babylonia, 10; geography
of, 10-11; beginning of Chinese history,

11; great wall of, 12; connection with

Europe begins, 12; Manchoo dynasty
founded, 12; embassies from England,
13; religion of, 13; government, 14-15;
civilization of, 15-16; Russia and Ger-

many in, II. 460; absorbing of by lOuro-

pean powers, 467; administration of,

4G7-8; historic account of, 46S-70; war
with England, 470; treaty of peace,
470-1 ; war with England and France,

471-3; new conditions in, 473-4; extent

of territory, VII. 25; government of,

25-6; old history of, 26.

Chinese exclusion act of 1888, III. 344.

Chitral campaign, II. 431.

Chivalry, rise of, I. 395; defined, 398;
Crusaders, 390; overthrow of, 401; our

debt to, 401.

Chlodion, Frankish king, VI. 95.

ChlodwiR, Frankish king, VI. 95; battle

with Alemanni, 90.

Chloroform, discovered, X. 346.

Chopin, F., Polish composer, II. 442.

Chosroes, king of Persia. VII. 123.

Chow, kingdom of. See China.

Christ, date of birth, I. 263.

Christian II, king of Scandinavia, II. 67.

Christian, Uin., VIM. 142.

"Christian Fathers," I. 281; names of,

281.
Christian socialism, IX. 63.

Christianity, growing power of, I. 27982;
persecutions of Christians, 279-80; be-

comes state religion, 280.

Christina, queen of Sweden, V. 227; her

scholarship, 227; courted by many, 228;
attack by insane assassin, 229; con-

verted to Catholicism, 233 ; abdicates,

234; leaves Sweden, 235; anecdotes, 238;
pecuniary difficulties, 239 ; death of, 242.

Chromo-lithography, principle of, X. 398.

Church of England, founded, VI. 192; II.

54.

Cicero, Marcus Tullius, I. 235; his offi-

cial career, 236; Catiline's conspiracy,

236; his character, 236; death of, 248;
VI. 72, 77, 87; opposes Antony, VII.
95 ; proscribed, 97.

Cilicia, VI. 20, 21.

Cimabue, painter, I. 442.

Cimbri, march upon Italy, I. 231; defeated

by Marius, 232.

Cimon, ruler of Athens, I. 113; victory
over Persians, 113; banished, 113; com-
mands the Athenian fleet, VII. 63; de-
feats Persians, 63 ; contrasted to Peri-

cles, 64; ostracized, 66-7; revoked, 69;
expedition to Cyprus, 69; death of, 70.

Cinq-Mars, favorite of Louis XIII, VII.
305.

Cinna, Cornelius, Roman consul, VI. 65,
66; VII. 108.

Cisalpine republic, VI. 301.

Cistercians, religious order, 1.415.

Civil Rights Bill, passed, III. 304.
Civil Service Law, passed, III. 333.
Civil War ill America, II. 415-10; affects

England. 416; III. 235; Fort Sumter
fired upon, 238; first campaigns, 244;
"On to Richmond," 247; Forts Henry
and Donelson, 250; Trent affair, 257;
Gettysburg, 262; Richmond taken, 266;
statistics of war, 268.

Civilization, influence of country on, I. 4-5.

Clapperton's African journey, X. 304.

Clarendon, advises abolition of privateer-
ing, X. 382.

Clarendon, constitutions of, I. 362-3.

Clark, A. G., makes Yerkes lens, X. 286.
Clark's pneumatic despatch, X. 239.

Clarke, VV., with Lewis expedition, X. 322;
rewarded by Congress, 323.

Clark-Maxwell, his theory of light and
electricity as being of same nature, X.
157.

Classic ism in French Literature, relation
of to romanticism, IX. 215 seq.

Claudian emperors, I. 208.

Clay, Henry, VIII., 241, 242, 247, 248,
24!>, 252, 260, 201, 27394; career of,
273

; eloquence of, 274 ; family and early
life of, 274-5; marriage of, 275; 1m
protectionism. 270, 281 ; career of,

277; on the peace commission, 277-8;
fleeted speaker in congress, 277, 27S,
279; his connection with Missouri com-
promise, 270-80; duel with Randolph,
281-2; retires from public life, 2^3;
nominated president, 284; on slavery
question, 285-0; abolishes the treas-

ury, 288; is defeated for president, 289;
illness and death, 292-3; 111. 155; can-
didate for president. 157; death of. 203.

Clayton-Bulwer Treaty, III. 197, -m:;.

Cleistheues, ruler of Athens, I. 105; VII.

64.

Cloitus, Illyrian chief, VI. 8, 9; death of,

30.
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Clemens, 8. L., ("Mark Twain") IX. 492;
his writings, 492.

Clement VII, pope, VII. 222; imprisoned,
at Home, 223; and Machiavelli, VII.
181.

Clement XII, pope, dies, V. 291.
Clement XIII, pope, champions Maria

Theresa, V. 305.
Clement of Rome, early Christian writer,
mentions Juouh, V. 4.

Cleomenes III, king of Sparta, I. 140;
success of, 141 ; defeated, 141 ; death of,
141.

Cleon, Athenian demagogue, I. 118.

Cleopatia, queen of Egypt, V. 52; her
"magnetism," 53; her learning, 53; her
beauty, 55; manied to I'tolemy, 66; en-
throned by Caesar, 59; poisons her
brother, 59; bears Caesar a son, 59;
sides with Antony against Brutus, 59;
journey to Tarsus, CO; her love for An-
tony, 61; tries to ensnare Herod, 64;
flight from Actium, 67; buries Antony,
72; suicide of, 73; monuments to, 73-

., y x - 86 -

"Cleopatra's Needle," brought to New
York, V. 73.

"Clermont," first steamboat, X. 31.

Cleveland, G., elected president, III. 337;
marries, 339; his administration, 339.

Cliff-dwellers, traditions of, X. 299;
descrption of dwellings, 300; civiliza-
tion of, 300; relics of, 300; towns of,
301 ; two races of, 301 ; Zunis, 302.

Climate, influence of, V. 24.
Clinton, commander of British forces,

Clinton, De Witt, III. 149.
Clinton, Henry, III. 67.
Clive, Robert, governor of Bengal, II

453-4.

Clcdius, Publius, VI. 72.
Clothair, king of Franks, VI. 96.
Clough, A. H., IX. 108; his poems, 109.
Clovis, king of Franks, I. 29S-9; founder

of Merovingian dynasty, 305.
Cluniacs, religious order, I. 414.
Coal, X. 158-65: when exhausted, 15!)

;

first mention of by Theophrastus, 159;
freemen of Newcastle granted to dig,
159; use of prohibited, 160; first discov-
eiy of in America, 160-1; how many
tons annually, 161 ; coal producing coun-
tries, 161, 2; English and American
coal, 162; haulage of, 164-5; formation
of, 265; coal-beds, 268.

Coal-gas, discovery of, X. 119; made prac-
tical by Murdock, 119-20; used for
illuminating London, 120; opposition
against by H. Davy, 120; Philadelphia
fights its introduction, 121; Pcale, 121;
U. S. Gazette attacks it, also news-
papers, 121; gas retorts, 122; gas fur
cooking and heating, 122.

Coal mines, old and new process of work-
ing, X. 163; ventilation of, 163-4; ex-
plosions in prevented, 165.

Coal-tar, sreat basis for synthetical wo;k,
X. 213; its products, 214. See also,
Waste, utilization of.

Cobden, U., English statesman and
economist, V. 434; II. 410.

Cochin-China, II. 460.
Code Napoleon, II, 256.

Codex Justinianus. I. 302; VII. 125-6.
Co-education. See Female education.
Coercion act, II. 426, 427.

Coffin, C. C., IX. 502.

Coinage Laws, 1873, 111. 301.

Colbert, Jean Baptiste, II. 112; his ad-

ministration, 112.

Cold Harbor, battle at, VI. 414.

Cole, T., English painter, II. 444.

Coleridge, S. T., IX. 43; education, 43;
stay in Germany, 44

; his opium habit,
44; death of, 45; his influence, 45.

Ccligny, leader of Protestants, V. 179;
outlawed by Catherine, 180; recalled,

180; plots against, 181; shot, 182;
killed during massacre of St. Bartholo-
mew, 184.

Colleges, improvements in, X. 335; stan-
dard of admission, 335; statistics of,

335; American, IX. 392-3.

Collingwood, C., English admiral, VI. 282.

Collins, W., IX. 89.

fnloirne. city of, I. 418.

Colombey-Nouilly, battle of, VI. 379.

Colombia, statistics of, III. 391 ; history
of, 397.

Colonial systems, II. 222.

Colonies, English, in America, III. 0;
progress of, 10; French-Indian wars, 27;
development of, 32; government of, 38.

Colonies, Greek, founded, I. 93.

Color, due to light, X. 232.

Coloring mateiials, production of, X. 213.
Colosseum. Roman amphitheater, I. 271.
Colossus of Rhodes, I. 144.

"Colossus," bridge over Schuylkill, X. 67.

Colquhouu's journey across China, X. 322.
Columbia River, explored, X. 323.
Columbian Exposition (World's Fair),

1893, III. 347.
Columbian press, X. 391.

Columbus, Christopher, his project, V.

151; agreement with Isabella, 152; his
first voyage, 152; return, 153; treat-
ment of, 154, 1(18: II. 10; discovers
America, III. 3; his expeditions, 4;
death of, 4.

Comets, number of known. X. 27S; size of,

278; rarity of matter, 278; and meteors,
279.

Comitia (curiata, centuriata, tributa), I.

181-2, 199.

Commerce, in the Middle Ages, I. 418-19.
Commercial schools, X. 337.

Commodus, emperor of Rome, I. 274.
Commune, French, II. 349.

Compromise of 1850, III. 197.

Compulsory education, origin of. X. 330;
in Europe, 330; in England, 331.

Comte, Auffuste, French philosopher, IX.
237; positive philosophy, 237; X. .'!: on
the composition of stars, 279; IV. 346;
education, 346; marries, 348; his philos-
ophy, 350.

Comyn, J., Earl of Buchan, VI. 145; sur-
render of, 147; claimant to Scottish

throne, 149; death of, 149.

Conciliationists, in the Revolution, VIII.

113, 115.

Concini, Concino, VII. 286.

Concord School of Philosophy. IV. 339.

Conde, leader of "tumult of Amboise,"
V. 176; sentenced to death, 176; freed,

178; killed in battle of Jarnac, 179.
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Condlllac, Etienne de, IV. 335; his life,

330; his philosophy, 336.

Confederacy of Delos, VII. 63; Pericles's
treatment of, 71.

Confederate army, statistics of, III. 270.
Confederate States, administration of, III.

249; ilnances of, III. 272.

Confucius, Chinese philosopher, I. 11; his

teachings, 11; revives the sacred books,
11-12; IV. 27; his life, 2S; teachings,
28; VII. 24-33; family of, 25; definition

of his name, 25 ; lea'-ninit of, 26-7 ;

school of for the young. 27 ; appointed
minister of crime. 27; reforms of, 27;
departure and return of, 28; death of,

28; character of. 28-30; teachings of,

3i-33; influence of, 33.

Congo explored, X. 304.

Congo Fiee State, founded, X. 307.

Congress, American, presents a battleship
to France, VI. 265.

Conkling, J. S., Lincoln's letter to, VIII.

331, 346.

Ccnkling, Roscoe, and Garfleld, III. 332;
and Blaine, 304.

Conrad II, emperor of H. R. E., annexa-
tion of kingdom of Burgundy, I. 326.

Cuniad III, emperor of H. U. E., I. 349-
50.

Constant, B., French publicist, V. 407;
relates of separation of Napoleon and
Josephine, 409.

Constant, viceroy of West Indian Islands,
V. 244 ; deposed, 244 ; marries Madame
de No.tilles, 245; kills her, 245; im-
prisoned, 245.

Constantino, Roman emperor, establishes

Christianity, I. 280; founder of Constan-
tinopolis, 281.

Constantinople, captured, I. 352.
Constitution U. S., 13th and 14th amend-
ments to, III. 278; 15th amendment, III.

294.

Constitution, U. S. frigate, III. 129.
Constitution U. H., ratification of, III. 71.
Constitutional Convention, III. 69; Hi

members, 70; its meetings, 71; VIII. 32.

Consulate, in French history, VI. 309.
Consuls, Roman. I. 183.

"Contemporary Review," founded IX. 142.
Continental Congress, first, VIII. 15' III.

49.

Continental Congress, second, VIII. 68.
"Continental System," Napoleon's, II.

264.
"Contract Social," Rousseau's, II. 20^.
Comvay, plots against Washington, VIII.

23.

Cook, J., circumnavigator, II. 486; discov-
ers scurvy cure, X. 362.

Cooke. Jay, and the Northern Pacific rail-

road, III. 290.

Cooke, J. K., novelist, IX. 464.
Cooke, W., inventor, X. 47.

Cooper, C. D., VIII. 208.

Cooprr, James Fenimore, novels of IX.
408-9; life of, 409; character of his
works, 410-12.

Cooper, Peter, philanthropist, III. 306.

Cooper, William, Boston town clerk. VIII.
85.

Cooper's locomotive, X. 22.

Cooper's telautograph, X. 54.

Cope, E. D., paleontologist. X. 271; his

excavations, 271 ; discoveries, 272.

Copenhagen, battle of, VI. 277.
Copernicus, II. 78; his theory, 79; IV. 200.
Coppee, Francois, French writer, IX,

265-6.

Coppee, Henry, VI. 445.

Copper, X. 176-7; discovered in Michigan,
177; great production of, 177.

Corday, Charlotte, compared with Judith,
V. 5; kills M.irat, <); Lamurtine on, 6-7;
kills Marat, II. 245.

Cordite, rival of gunpowder, X. 378; con-
stitution of, 378; advantages of, 378;
destmctiveness of, 378.

Cordova, Gonsalvo de, II. 19; his exploits,
19.

Cordova, Spain, IV. 158.

Corea, II. 465, 467.

Corfinum, battle of, VI. 82.

Corinth, battle at, III. 255; VI. 456.

Corinth, Pan-Hellenic council at, VI. 6.

Corinthian architecture, I. 166.

Corneille, II. 153; his tragedies, 153.

Cornelia, daughter of Scipio, V. 39; her
pride of her sons, 39; born, 40; married
to Sempronius Gracchus. 40; how she
educated her sons, 41-43; compared to

Lady Macbeth, 42-3; letter to Caius, 47;
her dignity, 49; monument to her mem-
ory, 50.

"Cornhill Magazine," IX. 77.

Corn laws, II. 408, 410, 411.

Cornwallis, C., lord, governor of Bengal,
II. 454.

Ccronca, battle at, I. 121.

Coiot, J. , French painter, II. 442.

Correggio, II. 91; his paintings, 91.

Cervinus. Matthias, II. 63.

Cornwallis, attempts to recapture Trenton,
VIII. 20; driven northward by Greene,
27 ; at Yorktowu, 28 ; surrender of, 28 ;

III. 63-4.

Cortes, Hernaudo, in Mexico, III. 392.
Cotton Exposition, 1884. III. 335.
Cotton factory, modern processes in, X. 92.

Cotton industry, growth of, X. 5.

Couch's rock drill, X. 70.

Council of Ten, I. 389.

Court-martial trials, decrease in U. S.

army, X. 384; statistics of, 384.

Cousin, Victor, French philosopher, IX.
236; eclectic system of in philosophy,
236

Coutreras, battle at, VI. 409.

Cowper's high-pressure engine, X. 78.

Coxey's army. III. 323.

Craik, Mrs., IX. 92.

Tramer, Gabriel, mathematician, II. 201.

Cranmer, Thomas, II. 54.

Crane, hydraulic, invented, X. 235; de-

scription of, 235; Armstrong accumula-
tor, 235.

Cranes, operated by compressed air, X.
238; on Chicago drainage canal, 238.

Crassus, Roman politician, I. 2.".6; first

triumvirate, 238; attacks Parthia, 238;
death of, 240; VI. 6978.

Ciatcs, the Cynic, and Zeno, IV. 133, 135.

Cratinus, Greek comedian, I. 161.

Crawford, F. M., IX. 490; his writings,
491.

Crawford, W. II., III. 142.

Crecy, battle at, I. 375.
Credit Mobiliet, III. 291.

"Crime Against Kansas," Sumner's, VIII.

330.
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Crimean War, II. 364.

Crisp, Chas. F., III. 345.
"Critique of Pure Reason," Kant's, IV.

304.

Croesus, king of Lydia, I. 72.

Croker, Thomas C. IX, 84.

Cromwell, Oliver, VI. 188-216; historians'

opinions of, 188-9; family of, 189-00;
marriage of, 190; his religious melan-
choly, 190-1 ; as member of Parliament,
193; in the civil war, 196 seq.; his
letter to Walton, 201-2; victories of,

205, 207; march to Edinburgh, 208;
lord governor of Ireland, 209; defeats
the Scots, 211; at Worcester, 212;
closes the Parliament, 213; lord protec-
tor, 213; administration of, 214; death
of, 215; character and deeds of, 215-6;
II. 130; his commonwealth, 131.

Cromwell, Hobt., VI. 11)0.

Cromwell, Thomas, II. 55; his reign of
tenor, 55; fall of, 57; VI. 189.

Crookes tube, X. 134.

Cross, J. W., IX. 94.
Croton, Greek city in Italy, I. 144.
Crusades, I. 339 sea. ; motives to, 339 ;

meaning of the word, 339; first cru-
sade, 842; chiefs of, 342-3; result of,

349; second crusade, 349-50; third cru-
sade, 351-2; fourth crusade, 352-3;
other crusades, 353; seventh and eighth
crusade, 353-4; effects of, 354-6; bene-
fits by, 355-6.

Crystal Palace, London, IX. 64.
Cuba, expeditions to, III. 219; insurrec-

tions of. III. 355; Garcia, Gomez, and
Muceo, 357.

Cugnot, Jos., II. 204.
Oumse. battle at, I. 145.

Cummins, Elizabeth, VI. 468.
Cunard, S., X. 34.

Cunaxa, battle at, I. 76.
Cuneiform inscriptions, decipherment of,

X. 290; Asian, by Grotefend, 290;
Babylonian, 291; Persian, 290; valuable
results of, 291; I. 47.

Currency, VIII. 378; printing of, 378.
O;irio, Cains, VI. 79. 80; 84.

Curtis, G. W., IX. 456; his writings, 457.
Ouster, Gen., defeat of, III. 295.

Custis, Mary, married to Robt. Lee, VI.
405.

Curule, Aediles, I. 185.

Curzon, G., viceroy of India, II. 457.
Lushites, I. 29-30.

Ciifitine, Marquis of, his description of

Russia, V. 322.
Custis, G. W. P., gathers records of the
Washington family, V. 269.

Cutlery industry, X. 111.
Cuvier's "Theory of the Earth," X. 248;

refuted by Lyell, 248.

Pnzco, battle at, III. 395.

Cyaxares, king of the Medes, I. 51 ; his

conquests, 70; captures Nineveh, 70.

Cyaxares II. See Darius, king of the
Medes.

Cydades, islands in Aegean sea, I. 87.

Cynics, IV. 88; Antisthenes, 88; Diogenes,
90.

Cynicism, not a philosophy, IV. 94.

Cynoscephalae, battle nt, I. 141.

Cyrenaic school, IV. 95.

Cyril, Rt., makes Russian language graphic-
V. 322.

Cyrus, king of Persia, I. 54; takes Baby.
Ion, 54-5; releases the Jews, 60; wa?
against the Medes, 70; founds the Per-
sian empire, 72; conquers Lydia, 72;
and Greek colonies, 72; fall of, 72.

Cyrus, brother of Mnemon, I. 76.

Czartoryski, Adam, organizes government
of Poland, II. 296.

D

Dacia, attacks Roman empire, 1. 271 ;

made Roman province, 271.
Dagobert, king of Franks, VI. 96.

Daguerre, L., his diorama, X. 131; pho-
tographic process, 132.

Dagworthy, Capt., VIII. 11.

Dairy farming, in U. 8. and other coun-
tries, X. 192; schools of, 192; products,
192-3.

Dale, Trios. , governor of Delaware, III. 10;
his administration, 11.

D'Alembert, II. 202.

Dalton, Maria Theresa's general, V. 313.
Dalton perfects Richter's doctrine of com-

bining proportions, X. 209; discovers
law of multiple proportions, 209.

Dalzell's safety, X. 27.

Damietta, capture of, I. 353.
Dana, C. A., IX. 421; at Brook Farm,

421; as editor, 422, 456.

Dandridge. Dorothea, marries Patrick
Henry, VIII. 141.

Dandridge, Martha, marries George Wash-
ington, VIII. 11.

Danes, I. 318; in England, 329, 331; mas-
sacre of, 332; rule all of England, 332.

Daniel, Hebrew prophet, his account of
the Babylonish captivity, I. 59.

Danish literature, IX. 343-8; romanticism
in, 343.

Dante, I. 438.

Danton, G., French revolutionist, V. 378;
plans with Robespierre attack on Tuiler-
ies, 378; massacres due to him, 381.

Dantzic, becomes great commercial center,
1.418; capitulation of, VI. 316.

Dare, Virginia, III. 9.

Darius, king of the Medes, I. 59-60.
Darius I, king of Persia, I. 106; his wars

against Greece, 106; death of, 108.

Darius, Hystaspes, king of Persia, I. 60;
his government, 73-4; invades Scythia,
74; war wifh the Greeks, 74-5; death,
75, 108.

Darius II Nothus, loses Egypt, I. 75.

Darius III Codomannus, Persian king, his

defeat, I. 76, 127; murdered by Bessus,
7ft, 128; VI. 20, 21; army of, 21-2, X3,
24 ; loses battle of Gangamela, 29-31 ;

flight and death of, 32-33; VII. 48.
Dark Ages, I. 408; superstitions of, 412.

Dartmouth, colonial secretary, VIII. 62.

Darwin, C., reads paper before Linnean
Society, X. 249; voyage on "Beagle,"
249; quoted, 250; accumulates facts,

251; reads "Malthus on population,"
251; and Wallace, 251; and Matthew,
252; his "Origin of Species," its re-

ception, 254; apostles of evolution, 254;
IV. 211, 212; applies the Baconian
method, 212; IX. 128; his education,
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128; S. American cruises, 128; his

"Origin of Species," 128; his style, 129.

Darwin, E., foreshadows evolution, X.
246.

Darwinism, X. 7.

Daseylium, VI. 15,

Datis, Persia general, I. 74.

Daudet, Alphonse, IX. 261-2.

Daun, Marshal, V. 305; defeated by Fred-
erick, 307 ; compared to Washington,
VIII. 4; VI. 240; 243-4.

Davenport. John, founds colony, III. 20.

David, king of Israel, takes Jerusalem, I.

57; makes that city capital, 57; con-

quers the Philistines, 58; extends hi-i

power, 58.

David, Louis, French painter, II. 442.

Davila's opinion of Catherine de Medici,
V. 194.

Davis, Cushman K., III. 381.

Davis, David, on the electoral commis-
sion, III. 310; and Lincoln, VIII. 329,
335.

Davis, Jefferson, elected president of Con-
fede acy. III. 230; his cabinet, 23;); 187.

Danson, Elizabeth's emissary, V. 217;
draws warrant for Mary Stuart, 217;
cast in jail, 21S.

Davy, Humphrey, opposed to gas in illum-

inating, X. 120; discovers electric light,

124; his voltaic battery, 124; how done,
124; voltaic arc, 124; its description,

125; his experiments in photography,
130-1; Davy safety lamp, 165, 211; his

lectures, 210; discovers sodium aud po-
tassium, 210.

Day, Win. R., III. 353.

Dayton, Wm., III. 85.

Deaf and dumb, education of, X. 340;
Bell's method, 340.

Dearborn, H., secretary of war, VIII. 174.

Deberdt, agent for Massachusetts, VIII.

91, 96.

Decatur, burns the Philadelphia, III. 100.

Decius, C., Roman emperor, defeated bv

Goths, I. 275; persecutes Christians,
280.

DeHus Mus, P., defeats Latins. I. 207.

Declaration of Independence, VIII. 156,

157; Jefferson's work on. 158-9; III. 57.

Declaration of Paris, X. 382.

Defoe, II. 212; IX. 8.

Deioces, unites the Modes, I. 70.

De la Chambre, Abbe, oration by. V. 22.

De la Croix, his characterization of Cath-
erine II, V. 321.

Delacroix, P., French painter, II. 412.

Delaroche, P., French painter, II. 442.

Delaware, as a colony, III. 10.

Delaware. Lord, governor. III. ]0.

Delhi, city of India, Afghan dynasty at,

I. 17; sacked by T.imprlane, 18.

DeLnng's polar expedition, X. 312; dis-

covers several islands, 312; ship crushed,

313; tragic fate of, 313; death, 313;
burial, 314; III. 334.

I>e Lome letter, III. 358.

Delos, Confederacy of, see Confederacy of

Delos.

ri-liihi, oracle at, I. 154.

Demaratus, VI. 3.

Dement, I. S., makes shorthand record,

X. 63.

Demetiins, king of Macedonia, I. 137;
driven from throne, 137.

Democritus, IV. 87; founder of atomic
system, 57; his education, 58; his the-

ories, 58.

Demosthenes, Athenian general, I. 118;
killed, 120.

Demosthenes Athenian orator, I. 124;
his Philippic orations, 125; political

career, 125; death of, 137; VI. 3, 5, 9,

11-12.

Denmark, war of 1864, VI. 377.

Dennie, Joseph, American writer, IX. 397-

8; his "Port-Folio," 397.

Dent, Julia, married to Grant, VI. 448.

Dentatus, Manius Curius, VII. 83.

Dentistry, growth of, X. 357 ; among the

ancients, 358; in U. S., 358; statistics

of, 358; artificial teeth, 359; anaesthet-
ics in, 359; instruments, 359.

De Quincey, Thomas, IX. 57; his "Eng-
lish Opium-Eater," 57; his literary

work, 58.

Derby, Edward, British statesman, II.

413, 414, 418, 419; V. 43-1.

Descartes, Rene, IV. 228-38; his famous
formula, 228; youth and education of,

21i!.t-31 ; works of condemned by the

church, 233 ; declares himself a skeptic,

234; his views on mathematics, 1:35;

his idea of God, 236-7; his speculations
on nature and man, 237; his psychology,
2:!7-S ; value of his method, compared
with that of Bacon, 238.

Despeaux, Madame, Josephine's milliner,
V. 405; sent to prison by Napoleon, 405.

D'Estaing's fleet, VIII. 73.

"Destiny Dramas," IX. 2D9-300.

Devereux, assassinates Wallenstein, VI
205.

Devereux, assassinates Wallenstein, VI.

186.

Dewar, J., experiments with liquefied air,

X. 241.

Dewey, Geo., III. 309, at Manila, 369;
made admiral, 370.

"Dial." transcendentalist organ, IX. 421.

Dialectics, invented by Zeno, IV. 41.

"Diamond Necklace," V. 304-8.

Diamonds, African mine?, X. 180; im-

proved methods of cutting, 180-1.

Diamonds, artificial, pioduction of, X.
220.

Diana of Poitiers, V. 171; intimacy with

Henry II, 171; chastisement upon his

death, 176.

Diaz, Poiforio, president of Mexico, III.

402.

Dickens. Chas., IX. 71; youth of, 71;
"V,av." sketches. 71; "Pickwick Papers,"

72; visits America, 72; editorial career,

7.'! ; quality of his work, 74.

Dickinson, John. III. 49; 56.

Diderot, aided by Catherine II, V. 338;
II. 210.

Dicbitsch, Gen., II. 391.

Digges, North's envoy, VIII. 76; Frank-
lin's opinion of him. 77.

Dillon, John, Irish leader, II. 433.

Dingelstedt, Franz, German writer, IX.

313.

DiiiRlcy, Nelson, III. 350.

Dingley bill, III. 353.

Dinwiddie, governor of Virginia, III. 29;
VIII. S.

Diocletinn, (\, Roman emperor, I. 27?-,

resigns, 2SU.
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Diodorua Siculus, Greek historian, on
Egypt, I. 26.

Diogenea of Sinope, cynic, IV. 88; and
Antisthenes, 90, 91 ; habits, 91 ; anec-

dotes of, 92-3; compared with Anaxi-
mander, 36-7.

Diomedon, tyrant of Elea, IV. 43; and
Zeno, 43; slain by Eleans, 43.

Dionysius I, ruler of Syracuse, I. 146.

Dionysius II, ruler of Syracuse, I. 146;
expelled by Timoleon, 147.

Diotimus, his hatred of Epicurus, IV.
125.

Disarmament Conference, II. 404.

Discobolus, Myron's statue, I. 169.

Disraeli, Benjamin, II. 414, 418; ap-
pointed premier, 422; begins public life,

V. 422; rivals Gladstone, 426; pro-
claims Victoria empress of India,

426; VII. 326; education, 327; his

novels, 328; elected to Parliament, 331;
marries, 333; public career, 336; be-

comes prime minister, 338; death of,

342; IX. 78; his "Vivian Grey," 79;
his tour in the East, 79; enters Parlia-

ment, 79; becomes prime minister, 80;
death of, 80.

Disraeli, Isaac, VII. 327.

Dix, John A., III. 238.

"Dixie," origin of, III. 26.

Dixon, William Hepworth, IV. 204, 216.

Dobell, Sydney, IX. 96; the Spasmodic
School, 96.

Dobereiner platinum lamp, X. 117.

Dobson, A., IX. 162; his writings, 162.

Dodge, Hen., III. 190.

Dolabella, Roman general in Egypt, V.
59; Cleopatra's lover, 60.

Domestic animals, improved by breeding,
X. 190-1 ; hog industry, 191 ; poultry,
191-2.

Dominic, St. and Dominicans, I. 338,
415; founds Dominican order, I. 415.

Dominicans, religious order, I. 415.

Domitian, emperor of Rome, I. 271; his

reign, 271 ; murder of, 271.

Domremy, birth-place of Joan of Arc,
V. 89.

Donelson, Fort, surrender of, III. 250.

Donizetti, G., Italian composer, II. 441.
"Don Juan," IX. 32.

Doomsday book, VI. 132.

Doondiah, Indian chief, VI. 331.
Dtre, Gustave, French painter, II. 442.
Doria, admiral, VII. 224, II. 64.

Dorians, I. 88; conquest of Peloponnesus,
92; coloni/.e Asia Minor, 93; com-
pared to lonians, 95.

D>iric architecture, I. 166.

Dorr's Rebellion, III. 169.

Dorsey, Stephen W., III. 326.

Dostoievsky, Feodor, Russian novelist,
banishment of, to Siberia, IX. 363;
his "Raskolnikoff," 363-4; style of, 364.

Douay Bible, V. 7.

Douglas, James, supporter of Bruce, VI.

150, 151, 153, 156, 158.

Douglas, Stephen A., VIII. 324; and
Lincoln, 325; III. 230.

Dow, Neal, III. 329.

Draco, legislator, I. 102; VII. 16.

Drainage, X. 187.

Drais, Baron von, X. 27.

Drake, Francis, II. 61.

Drake, Joseph Rodman, American poet,

VOL. 10 28

IX. 403, 406; his "American Flag,"
406.

Drama, Greek, I. 160; performances, 160.

Draper, H., photographs nebulae, X. 284.

Draper, John William, his opinion of

Bacon, IV. 205-6; on Aristotle, 117;
on influence of climate, V. 24.

Dred Scott decision, III. 224.

Dreyfus, Capt, II. 356.

Drills, multiple, two, three, four, six

eight-spindle, X. 112; William Seller*

& Co., universal drilling machine, 112.

Drummond, H., IX. 173; his "Natural
Law in the Spiritual World," 173;
other writings, 173; death of, 174.

Dryden, John, II. 157.

Dublin University Magazine, IX. 22-83.

Ducrot, Gen., II. 336.

Du Haillan, B. de G., French historian,

on Joan of Arc, V. 106-7.

Dumas, Alexandre, pere, IX. 226, 232-4;

family of, 232; dramas of, 232-3; novels

of, 233; his "Count of Monte Cristo,"

233; death of, 234.

Dumas, Alexandre, fils, French dramatist,

IX. 252-4; his "Dame aux Camelias,"
"Demi-monde," 253.

DuMaurier, G., IX. 193; his "Trilby,"
193.

Dumouriez, II. 243.

Dunbar, battle of, VI. 211.

Dunlap, William, IX. 398.

Dunmore, Lord, governor of Virginia,

VIII. 14.

Duns Scotus, theology of, IV. 184-5;

philosophy of, 185-6.

Dupin, Amantine, see Sand, George.

Duquesne, Fort, III. 30.

Duroc, G., Napoleon's confidant, V.

405-6.
Dutch eastern empire, II. 452.

Dutch Republic; see Netherlands.

Dwight, Timothy, American writer, IX.

400.

Dynamite, invention of, X. 378.

Dynamo, its action, X. 143-4, 145.

E

Eads, James B,, III. 324.

Eaker, G. J., and Hamilton. VIII. 207.

Earth, age of, X. 288.

East India company, Dutch, II. 452, 461;

English, 453, 470.

East India company, opens trade with

China, I. 13.

Eastern Question, II. 358; Crimean War,
364.

Eaton, John H., VIII. 244-5.

Eaton, Major, III. 154.

Ebers, Georg Moritz, Egyptologist and

novelist, IX. 329; made professor of

Egyptian antiquities, 329; his romances,

329-30
Ebn Abbas, Arabian commentator, V. 77.

Ecbatana, city of Media, I. 79; V. 8;

VI 32
Ecclesia, function of, in Athens, I. 114.

Ecclesiastical Titles Bill, VII. 353.

Echegaray, Jose. Spanish dramatist, his

"Madman or Saint," "Great Galeoto,"

IX. 391.

Eck, John, chaUanges Luther, VII. 200.
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Erkmuhl, battle of, VI. 317.

Economist, London, founded, X. 408.

Edessa, Christian principality of, taken

by Turks, I. 349.

Edgeworth, Maria, IX. 59.

Edict of Nantes, revocation of, V. 264.

Edict of Restitution, VI. 173.

Edinburgh, as a literary center, IX. 18.

"Edinburgh Review," founded IX. 1'J;

power of, 19-20.

Edison, Th. A., his incandescent lamp,
X. 120-7; his kinetoscope, 136; cine-

matograph, 130.

Edmund II, Ironside, I. 332.
drnumls' anti-polygamy law, III. 334.

Edmunds, Senator, and electoral commis-
sion bill. III. 309.

Education, progress in, X. 3^8; legi.-la-

tin upon, 329; in U. S., 329; com-
piuVory, 330; in Great Britain, 331;
improvement in methods of, 332; kin-

dergarten, 333; higher education. 335:

university extension, 335; technical

schools, 330; comme:cial education,

337; female, 338; blind, deaf, and
dumb, 340.

Education act, II. 421.

Ed\v;-:d t!:e Confes-or, king of England,
I. 357; deatli of. VI. 121.

Edward the Elder, kins; of England, I.

331.
Edward I, king of England, his conquest

of Wales, I. 353, 3'JS; his wars with
S'-'.tlaud, 300-70; expels Jew--, 371;
VI. 14.

r
. 1 17: d'.vth of, 154.

Edward II of England, VI. 154-5; death
of, 158.

Edward III, king of England, I. 375;
Hundred Yeais' War, 375, 378.

Edward IV, kin? of England, I. 381;
battle of Tev.lt -bury, 381.

Edward VI, kin;- of England, V. 2ul ;

die-. 203.
Edv, . d, duke of Kent, V. 410; his mar-

riage, 410; father of Victoria, 410.

Kdv:;id-. Jonathan, IX. 393.

Egbert, king of Wessex, I. 308, 331.

Fffvl'-iton, E., IX. 471; lii-i writings 471.

Eggs, amiicial, X. 217.
}'.: i-i'-.r-.-d's account r.f Charlemagne, VI.

107-8.

E-rnont, Lamoral. Count, VII. 250. 257,
25S; goes t> Si-run, 259: exoeutud, 20 -.

Egypt, geog'-aphy of, I. 21-5; products of,

25; rliin.itc. 25; fust inhabitants, L!>;

pyramids of 3o; invaded by the Hy.l.o-.

:>,; h v:-d( 1 by A yri ins, 32; 1-y I'er-

Eians, 33; conquered by Alcxandi-r, .'!.'{ :

,.,,.-,,,-,,,,,. .,,t of, 33-34; i-(-!i;;i .-i cf.

:jT-iO; architecture of, 30; seulpture,
37; r'rfs (if, 4<M!; under Hi" Ptolemies,
132."); position and condition of. 11.

4SO-1 ; war with England, 4*1 ; earliest

Di--:.r.i-;- ii's of, X. i's'J; ea-ily read

to-'!ay. 290.

Egypt, M edivc ..f, II. 431.

Egyptian Ivxploi at ion Fund. I. 28.

Fpypinlogy, develoj incut of, 1. 27-28.

i-.i.hi, r;u--tav, Ji. :;:.;..

r.i!V.-l tnwf-r, X. 7C,.

J')ighti-i'iii!i I'cntury, lending events of,

ix. i, <;.

Elam, I. -10.

Elba, confinement of Nap-.l-'.n in, VI V.'.'t.

El Canty, battle at, III. 37U.

Elen, home of the Eleatic School, IV. 37;
Zeno's love for, 42 ; Diomedon, 43.

Eleanor, wife of Henry II of England, I.

362.

Eleanor, wife of Louis VII of France,
VI. 135, 130.

Eleatic School, IV. 37.

Eleaxar, high priest of the Israelites,

VII. 9.

Electoral College, working of, III. 72.

Electoral Commission, on Tildeu-Haytl
controversy, III. 309.

EU'ttric motor, X. 142, 145.

Electric railways in the I". S., X. 26.

Electricity, X. 4; 138-57; for heating,
127-9; for cooking,, 128; Thales of

Miletus' theory, 13S; relation to mag-
netism, 140-1 ; transmission over long
distances, 140 ; cheapness of making,
152; to replace steam, 153; its many
appliances, 154, 155; theories as t'j

what it is, 15(i-7; in surgery. 353.

Electrotyping, introduced, X. 395; descrip-
tion of process, 390.

Elements, new, discovered, X. 225.

Elephanta, temples of, I. 21.

Eleusinian mysteries, I. 154; import of,

154.

Elevators, electric, X. 152.

Eliot, George See Evans, Marian.
Kiiot, John, 111. 22.

Elliott, Obadiah, patents, spring vehicles,
X. 15.

Elliott, E., IX. 108; his poems, 108.

Elizabeth, queen of England, V. 19S;
salient facts of her life, 199; early

years. 200; tr.tored by linger Ascham,
202 ; ascends throne, 205 ; vows to die a

maid, 207; intended match with Dili:

of Angou, 21U; kills Mary Stuart, 217;
Spanish Armada, 21'.); aids Henry of

Navarre, 221; death of, 225: her char-

acter. 225; II. 58; her reign. On.

Elixabcth, empress of Ru-sia, V. 325; auj
Catherine, 327; death of, 330.

Elkswatuwa, ludim chief, III. 125.

Ellora, Temples of, I. 21.

El /agel, Moorish caliph, capitulates, V.

150.

rm-incipation Proclamation, III. 250;
Vi'I. 340.

Einanucl, kin;r of Portugal, marries Tsi-

lu-llu (.-f d.-.; lie, the younger, V. lO.'i;

i-M.el-i the Jews, 155.

Em:.;, 'fro. Jeffer-on'* poli.-y, III. 119.

Emcv-on. K. W.. IV. 338; e-lucation. 3",8;

visits iMirope, 341; his idt-at. 343; IX.

417, 4:t:i; his pastorate, 433; works of,

431 : l.i- ideas, 435.

Empedo(h-s, IV. 59; his philosophy, 5'.).

Enrke's comet, X. 278; discovered by
Pons, 27.

Encyclopedists, II. 210.

Emlichtt, V.'m. ('., III. 337.

Energy, roii';ei vaticn of, X. 227; import-
ance of theory, 227; veTiled by Thi.M-

son. M.'.ver, and Von lielmholtz, 228;
(\pliiiriti.ui "f, 229-32; its teaching

tiial value of. 2.",1.

< i'e 1!. 257.

:. chil. X. 1012, : 5. power
I'iliD.idi'i 1

.'. 00; stone vs. ste'l.

!gi-.', 07 i); tunneling, (19;

for sinking pieri, 09; roek-
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fs^ineering, military, II. 150.

Inland, under Danish rule, I. 332; rise

of as a nation, 357 seq. ; conquest of by
William, 357 seq. ; Jews expelled from,
371; at the death of Edward the Con-
fessor, VI. 121; landing of William in,

122-3; revolts against William, 127-9;
sad condition of under William, 129-

30; under the Tudors, II. 51; invaded
by a Scottish army, VI. 211; struggle
botw. Crown and Parliament of, VI.
103; civil war in, 190 seq. ; revolts in,

208; war with Scotland, 208 seq.

England, education in, X. 331 ; elemen-
tary education act, 331 ; present system,
331; statistics of, 331.

English cabinet system, V. 419-20; com-
pared with American system, 420.

Kv.jrlish constitution, development of, II.

125.

English language, predominance of, X
303.

English literature, IX. 17; reviews, 19-22;
Romantic school, 23; Lake school of

poetry, 40.

English Parliament, in the reign of

Edward III, I. 378.

"English Mercuric," first English news-
paper, X. 405.

Fnnirs, Roman poet, I. 227-8.

Epaminondas, leader of Thebes, I. 122;
liis success at Leuctra, 123; death of,
123.

Ephesus, Ionian city, I. 143; VI. 15-16.

Epictetus, Stoic philosopher, I. 273.
Epicureanism, IV. 130.

Epicureans, IV. 131.

Epicurus, IV. 125; his biographers, 125;
his life, 128; his philosophy, 128; suc-
cess of, 129; character, 131; honors
of, 132.

Epinis, I. 137; Pyrrhus' reign, 137.

Equilibration, Spencer on, IV. 390.
"Era of good feeling," III. 142.

Erasmus, II. 71 : his writings, 72 ; visits

England, V. 200.

Erckmann-Chatrian novels, IX. 254-5.
Erckmann, Emile, French novelist, IX

254.

Erechtheum, temple in Athens, VII. 74.

Ericsson, launches screw frigate "Prince-
ton," X. 369; conceives idea of "Moni-
tor," 369; builds it, 371; his propel-
ler, 34.

Erie Canal, opened, III. 148; X. 73.

Erigena, scholar, I. 411.
Erymedon, naval battle at, VII. 03.

Esarhaddon, Assyrian king, I. 32, 50.

E^pronccda, de, Jose, Spanish poet, IX.
384.

Essay, evolution of the, IX. 8.

Essex, Elizabeth's favorite, V. 220; quar-
rel with her, 221 ; returns with glory
from Cadiz, 22J; loses favor, 223; tried
for high treason, 223; execution of, 223.

Esther, of Scripture, I. 80-81.
Ethnology; see Anthropology.
Etruscans, I. 177; origin of, 178; cities

of, 178; customs of, 178; take Rome,
205; defeated by Romans, 200, 209.

Euboea, island on coast of Greece, I. 87;
naval battle at, I. 110.

Euclid, founder of Megaric school, IV.
101.

Eugenie, queen of Sweden, VI. 291.
Euler, mathematician, II. 201.
Eumenes II, king of Pergamon, I. 223.
Euripedes, Greek dramatist, I. 161.

European literature, in nineteenth cen-
tury, IX. 14.

Eurybiades, Spartan admiral, VII. 51.

Eurymedon, priest, lodges charges against
Aristotle, IV. 110.

Evans, Marian, IX. 92; education, 93;
early stories, 93

; death of, 94.

"Ever-Victorious Army," VII. 428.
Everett, E., IX. 420; his public life, 420;

III. 207.

Evil-Merodach, king of Babylonia, I. 54.

Evolution, theory of, IV. 387; X. 245;
greatest scientific achievement of the
age, 245; foreshadowings of, 245; dur-
ing eighteenth century, 245; Lamar.-k's
"Philosophic Zoologique," 246; Cham-
bers' "Vestiges;" Linnaeus, 247; Lyell's
work, 248; Dai win's starting point, 250;
Darwin and Wallace, 252; "Origin of
Specie-" appears. 253; reception of,

254; apostles of evolution, 254-5; revfla-
tions of, 256; effect of, on astronomy,
250; on geology, 257; on biology, 257;
anthropology, 258.

Evring, Ellen Boyle, VI. 428.
Ewing, Thos., VI. 426.
"Examiner," founded, IX. 132.
Exeter, battle at, VI. 207.
"Experiment," precursor of Pullman car,

X. 18.

Exploration and discovery, X. 12, 304;
opening of Africa, 304; Livingstone,
305; discovery of source of Nile. 307;
polar expeditions, 309; Franklin expedi-
tion, 310; Do Long expedition, 312-15;
Greeley, 314; Peary, 315; Nansen, 317-
10; Anclree, 319; south-pole expeditions
319; Asiatic, 321 ; in India, 321; Norih
America, 322; South America, 325;
Australia, 327.

Explosives, improvement in, X. 370;
smokeless powder, 376; gun-cotton, 377;
nitro-glycerine, 377; dynamite, 378;
cordite, 378.

Eyes, artificial, X. 357.
Eylau, battle of. Vf. 316; II. 263.
Eyre, J., explores Australia, X. 327.
Ezra, of Scripture, I. 60.

F

Fabert, invent' parallel trenches, II. 150.
Fabius. Claudius, Roman commander

VI. 83.

Fabius Maximus, Q., Roman general I

207.
Fabius Pictor, eailiest Roman historian,

I. 177.

Fabius, Quintus, ambassador to Car-
thage, VI. 49, 54.

Fabric-ins, alchemist, X. 130.
Fairchild, Chas. !>.. III. 338.
I'aii-fax, George, VIII. 7; accompanies

Fairfax. \V.. \.ls. ~.

Falk, Prussian niini.-ier, II. 344.
Fallerslebeo; see Hoffmann, August.
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Faraday, explains electro-magnetic rota-

tion, X. 141; his spiral, 141; researches

in electro-chemistry, 212; doctrine of

isomerism, 212.

Farewell Address, Washington's, VIII. 36.

Fanner, M. G., his multiple transmission

system, X. 51.

Farmers' Alliance, III. 330.

Farming, scientific, X. 187; compared
with earlier methods, 187; manure in,

187-8.

Farragut, at Vicksburg, III. 254; at New
Orleans, III. 255.

Fatima, daughter of Mohammed, VII.

129.

Faure F. , president of France, II. 356.

"Faust," Goethe's, IX. 282, 283, 284-5.

Federal courts, established, III. 75.

"Federalist," Hamilton's, III. 71; its

influence, 72; VIII. 21/3; IX. 394; III.

71.

Federalists, and Jefferson, III. 110.

Federalists, in John Adams' administra-

tion, VIII. 124.

Fellenberg's agricultural school, X. 336.

Female education, early, X. 339; colleges,

339; co-education, 339; in professional

schools, 339.

Fenelon, French ambassador, informs
Elizabeth of Bartholomew massacre,
V. 209.

Fenelon's "Telemque," II. 155.

Ferdinand of Aragon, his marriage con-

tract, V. 131; his character. 134-5;
defeats the king of Portugal, 137; takes

command against the Moors, 148; eo)i-

quers Granada, 151 ; opposed to Colum-
bus, 152; repels the French, 159; death

of, VII. 209.

Ferdinand and Isabella, I. 393.

Ferdinand II, king of Naples, II. 304;
322.

Ferdinand VII, king of Spain, II. 278.

Ferrier, Susan, IX. 6(1; her novels, 00.

Ferris wheel, X. 70; dimensions of, 77.

Festivals, Greek, I. 155.

Feudal system, I. 295; decline of, 351-5.

Feudalism, rise of, I. 403; system of,

404-5; mischiefs of, 405; wane of

power, 406.

Feuillet, Octave, French novelist, works

of, IX. 251-2.

Fichte, .T. G., IV. 313; education. 313;
and Kant, 315; becomes professor at

Jena, 310; enlists, 318; death of, 318;
his works, 319; his philosophy, 319;
IX. 290, 301-2.

Fief, definition of, I. 404.

Field, <"'., organizes cable company. X. 55;

repeat"d failures of; 5(5; sends first mes-

sage, 57; III. 289-90.

Field, E., IX. 491; his writings, 4U4.

Fielding's "Joseph Andrews," IX. 8.

Filibustering expedition, first, III. 198.

Fillmore, Millard, succeeds Taylor, III.

lutj; attitude toward compromise, 196.

Finance, in the middle ages, I. 424.

Finus, Tacitus' account of, X. 296.

Fire, history of as light giver, X. 115;
primitive custom, 115.

Firmidn, Maria Theresa's minister, V.

312.

Fish, Hamilton, III. 285, 376.

Fisk. Clinton B,, III. 340.

Fiske, J., IX. 470; his writings, 470.

FitzGerald, E., IX. 96.

Fitzroy, S., American explorer, X. 326.
Fizeau's experiments with light, X. 232.

Flaccus, L. Valerius, aids Cato, VII.

83; censor, 87.

Flagg, W., essayist, IX. 477.

Flaminius, Koman general, defeats Mace-
donians, I. 141.

Flaminius, Quintius, VII. 87.

Flanders, woollen manufacturers of, I.

422.

Flaubert, Gustave, French novelist, IX.
250-1 ; his "Madame Bovary," com-
pared with Balzac, 250; style of, 251.

Fleming, Swedish admiral, V. 229.

Flemish art, II. 94.

Fletcher, Grace, married to Daniel Web-
ster, VIII. 296; death of, 300.

Flint and steel process, X. 115, 116.

Florence, greatness of, I. 390 ; its litera-

ture, 391; merged into Tuscany, 392.

Florida, purchase of, VIII. 225; III. 143.

Flute, among the Greeks, I. 172.

Fiygare-Carlen, Emilia, Swedish novelist,
IX. 357.

Flying-machines; see Aeronautics.
Folcault's typewriter, X. 63.

Folger, Chas. J., III. 333.

Folk-lore, interesting to anthropologist, X,
302.

Folsom, Frances, married to Grover Cleve-

land, 111. 339.

Fonseca, A. de, his answer to Isabella,
V. 15(j; VII. 213.

Foods, artificial, X. 216-18.

Force, Spencer's theory of, IV. 374.

Forestry, X. 200-2; destruction of forests,
201 ; encouragement of tree-planting,

202; how much cut in U. S. and other

countries, 202; various uses of forest

products, 202.

Forgeries, literary", IX. 7.

Formosa, II. 406, 467.

Fort Duquesne, surrender of, III. 30.

Forth bridge, principle of, X. 69; dimen-
sions of, 69; cost of, 69.

"Fortnightly Review," founded, IX. 142.

Foscolo, Ugo, Italian poet, his "Letters
of Jacopo Ortis" IX. 374.

F(;.-UT, J. W., III. 346.

Foucault, experiments with light, X. 232.

Fouclic, minister of police, II. 251.

Fonclie, J., terrorist, V. 406-7.

Fouque, Friedrieh de la Motte, Germ >n

author, IX. 295-6; his "Undine," 295,
296.

Fouquet, Supt. of Finance, fascinated by
do Maintenon, V. 251.

Fouquier-Tinville, atrocious French Jaco-

bin, V. 386.
Fourdriuier's paper-making machine, X.

102.

Fourier, Francois, French socialist, IX.
237.

Fi.urneyron's turbine, X. 82.

Fox-Talbot, H., his method in producing
positive pictures in photography, X.
132-3.

Fiance, Anatole, French writer, IX. 263.

Fiance, I. 325; progress of, in fifteenth

century, II. 5; in sixteenth century,
2N; revolution of 1848, 297; conditioa
of in 1815, VI. 341.
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Franchise bill passed, II. 429.

Francis, St. of Assisi, founds the Fran-
ciscan order, I. 415.

Francis I of France, VII. 218; his wars
with Charles V, 219; imprisoned, 221.

Francis II, king of France, V. 174; ap-
points Guise and Lorraine ministers,
174; death of, 176.

Francis Stephen, duke of Lorraine, V.

288; marries Maria Theresa, 291;
elected emperor of Holy Roman Em-
pire, 297; death of, 313.

Franciscans, religious order, I. 415.
Franco-German War, II. 329; condition

of the armies, 329 ; battles, 331 ; French
defeat, 339; terms, 340; VI. 378-80.

Frankfort, treaty of, VI. 380.

Franklin, B., Washington's opinion of,

VIII. 39; youth of, 43; "Poor Rich-
ard's Almanac," 46; first public services,

48; in French-Indian Wars, 51; mis-
sion to England, 53; his work there,

60; signs Declaration of Independence,
68; goes to France, 69; his negotiations,
73; returns home, 79; his death, 80;
character, 81; IX. 394, 395; his Ameri-
can monthly magazine, 396; practical
use of electricity, X. 139; his theory,
139; III. 57; kite, VIII. 50; press, X.
3S9; stove, X. 129.

Fianklin, James, VIII. 43; IX. 395.

Franklin, J., first expedition, X. 309;
second expedition, 309; descends Mac-
kenzie River, 310; knighted, 310; last

expedition, 311 ; twenty relief expedi-
tions, 311; tragic fate of, 311; death of,
311.

Franklin, William, VIII. 55.

Franks, I. 275; invade part of Gaul, 298;
defeat Saracens, 314; character of, VI.
94; dominion of, 95.

Franz, Joseph, emperor of Austria, II.

314.

Franz Joseph Land, coast determined,
X. 316.

Franzen, Frans Michael, Swedish his-

torian and poet, IX. 355.
Fraser's magazine, IX. 22.
Fraunhofer's investigations, X. 280.
Frederick V, king of Bohemia, VIII. 166.
Frederick I, Barbarossa, emperor of Ger-
many, I. 351, 384; wars with Lombard
League, 387.

Frederick II, emperor of Germany, starts
on a crusade, I. 353.

Frederick I, king of Prussia, II. 180.

Frederick, William I of Prussia, VI.
218, 222.

Frederick II the Great of Prussia, VI.

217-49; birth, family, and education of,

218; cruelly treated by his father, 220;
writings of, 222; character of, 222-3;
crowned king, 223 ; campaign into Sil-

esia, 225-7; defeats Austrians, 228-30;
administration of, 230-1

; campaign
against Austrians and Frenchmen,
235-8; against Russians and Austrians,
236-4G; closing years of his life, 248;
death of, 248-9; V. 292; obtains Silesia,

292; and Maria Theresa, 296; S^ep
Years' War, 301; his victories, 303;
II. 181-2.

Frederick William IV of Prussia, VI. 376;
IX. 312.

Frederick, H., IX, 600; his stories, 500.

Fredericksburg, battles at, VI. 491.
Free delivery, in Europe, X. 45.
Free soil party, VIII. 374-5; III. 201, 204.
Freeman, E. A., IX. 150; early writings,

150; his "Norman Conquest," 150;
death of, 151.

Freeman's Bureau, III. 277.
Freeport Doctrine, III. 230.
Freiberg, battle of, VI. 245.

Freiligrath, Ferdinand, German poet, IX.
319-20; revolutionary poems of, 320.

Frelinghuysen, F. T., secretary of state,
III. 333.

Fremont, the "pathfinder," X. 323; en-
gagement of, 323; explores California,
324; terrible experience of, 324; fourth
expedition, 325; elected Governor of

California, 325; III. 174.

Fremy, produces artificial rubies, X. 220.
French, Alice, IX. 507.
French Directory and America, III. 92.
French history, philosophy, criticism, IX.

268-75.
French-Indian Wars, III. 28.
French literature, IX. 9; Voltaire, 10;

Rousseau, 10; 1852-1870, 243; 1870-99,
259-75.

French poetry and drama, IX. 265-7.
French republic, third, II. 348 ; the com-
mune, 350; its presidents, 352.

French Revolution, II. 226; causes of,

227; meeting of the states-general, 234;
first outbreaks, 236; new constitution,
239; national convention. 241; execu-
tion of Louis XVI, 244; "Reign of Ter-
ror," 245; end of, 251; influence of on
literature, IX. 14.

Freneau, Philip, American poet, IX. 395,
398-9.

Freytag, Gustav, German novelist, IX.
323-5; works of, 324-5.

Fricker, Edith, married to Southey,
IX. 46.

"Fridthjof's Saga," Tegner's, IX. 354.

Friedland, battle of, VI. 316.

Friese-Greene, W., his camera, X. 136.

Froebel, develops kindergarten idea, X.
334.

Froissart, historian, II. 42.

Fromageot, his "Reign of Maria Theresa,"
V. 316.

Fronde, the, II. 108.

Froude, J. A., English historian, state-
ments by, V. 5; his "Caesar,"
quoted, 40; IX. 151; his writings, 152;
edits Carlyle's "Reminiscences," 153;
death of, 153.

Fry, Col., in French-Indian War, VIII. 9.

Fry, Jas. B., and Grant, VI. 446.

Frye, Wm. P., III. 381.

Fryxell, Swedish historian, V. 243.

Fugitive Slave Law, III. 210.

Fuller, Margaret, IX. 422; marries, 422;
at Brook Farm, 422.

Fulton, R., X. 31.

Fulvia, Antouy's wife, V, 61.

Gabinian L*w, passage of, I. 235; aids

Posnpey, 235.

Gabor, Prince of Transylvania, VI. 165.

Gaboriau, Emile, French author, IX. 257.
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Gadsden Purchase, in. 200-212.

Gage, British general, VIII. 15.

Gage, Lyman J., III. 353.

Gage, Thomas, governor of Massachusetts,
VIII. 99; and Samuel Adams, 99; III.

50-51.

Gainsborough, portrait painter, II. 198.

Galba, emperor of Rome, I. 269; rebellion

against, 269; death of, 269.

Galdos; see Perez Galdos.

Galileo, II. 160; his law, 162; IV. 1989.
Galitzin, chancellor of Russia, VII. 311.

Gallait. L., Belgian painter, II. 443.

Gallaudet, T. , opens school for deaf and
dumb, X. 340.

Gallatin, Albert, Secretary of the Treas-

ury, VIII. 174; HI. 83.

Galley, ancient, X. 360; in the middle
ages, 307; fights with, 2(57.

Gaiton, Afiicau explorer, X. 305.

Galvani's discoveries, II. 205; X. 139.

GUIH.I, Vasco da, II. 451.

Gambetta, premier of France, II. 353.

Gardiner, 3. R., historian, IX. 160.

Garfield, J. A., elected president. III. 328;
!:; admiui.itration, 330; assassinated,
332.

Garibaldi, Giuseppe, VI. 3S2; in Br izil,

385; marries, 3S5; returns to Italy, 387;
his campaigns, 388 ; goes to America,
300; becomes a deputy, 398; in Franco-
Piussian War, 401; death of, 402; II.

Garnett, U. S., VI. 410.

Gannon, \V. L., III. 161.

Gary, James A., III. 353.

Gas; see Coal-gas.
Gas engines, X. 79-80.

Gases, kinetic theoiy of, X. 232; Max-
well's researches, 232.

GisUill, Elizabeth, IX. 92.
Gasi.'line engines, X. So.

Giites, American general, VIII. 10; wins
at Saratoga, 23; the cabal, 23; detested
at Caniden, 27: III. 60.

GathKs, parts of Xend Avi'sta, VII. 38 40.

(titling gun, X. 376.

Gii'igamela, VI. 28; battle of, 29-3';
loss of lives in, 31. See Arbela, battle

at.

Gaul, Caesar's campaigns in, I. 241 ; divi-

sions of, 241; conquest of, 242.

Gauls, invade Greece, I. 139; defeated,
139; burn Rome, 176; of what r,ic<>,

177; Senonian Gauls, 2u6; defeated by
Romans, 2o9.

Gau:ic. I... astrolnf-er, V. 174; foretells

death of Henry II, V. 174.
G,v,;s,s' telegraphic line, X. 4f>.

Gautama, his system, IV. 3; compared
with Jesus, 8-9; his birth, 9; his youth,
11; marries, 11; retires to solitude. 12;
l.'arns from Rvahmiiis, 13; become; en-

lightened, 13-11; begins lii, mini, try,

1.1; his love of humanity, 15; chases

disciples, 16; his propaganda, 17; deal-

ings with the Kachiapas, 17-18; returns
home, 19; death of, 20; his phi-
losophy, 20.

G.iuti'.T, Thoophile, IX. 2:.'6, 2'J4-"; 1 is

"Dead Leman," 244; his mastery of

stylo, 245.

Gay-Lussae's discovery, X. 210.

(Jay's Life of Madi-on, VIII. 190.

Gayarrt, C. E., wiiier, IX. 465.

Gaza, taken by Alexander, VI. 27.

Gazali, Al, IV. 164; his life, 165; Uach
ings, 165.

Gazel, Al; see Gazali, Al.

Geary, J. W., governor of Kansas, IH
217.

Gedrosia, desert of, VI. 42.

"Geheinicr Agent," Hacklarider's, IX
326.

Geibel, Emanuel, German poet, IX. 320-1.

Geijer, Erik Gustaf, Swedish historian,
IX. 354; works of, 354.

Gelimer, Vandal king, VII. 118; de-

feated, 119.

Gelon, ruler of Syracuse, I. 145.

Genet, ambassador from France, VIII. 35;
arrival of in America, 17l>; recalled,

171; III. 82.

Genghis Khan, Tartar leader, II. 6.

Genoa, becomes a rapublic, I. 418.

Gcnseric, king of Vandals, I. 285; con-

quers Rome, 287.

Geoffrey's table of affinities, X. 207.

George I, king of England, II. 134; and
Parliament, 185.

George II, king of England, II. 183.

George III, king of England, II. 189; his

reign, 189; V. 416; his four sons, 416.

George IV, king of England, V. 416; dies,
416.

George, Fort, storming of, VI. 3(30.

Geological Society of London, established,
X. 260; its membership, 261, 305.

Geology, nativity of, X. 259 ; Smith, the
father of geology, 259; Neptunists and
Vuleanists, 259-61 ; inception of Geo-
logical Society, 259 ; Lyell, 262

;
in the

U. S., 263-5; coal formation, 265-7;
glacial theory, 268-70; beaunes a dis-

tinctly American subject, 270-3; effect

of evolution theoiy on, 257.

Geiaid, French ambassador, VIII. 73.

Gerald, Balthazar, assassin of William of

Orange, VII. 2S1-2.

Geiaid, F. , French painter, II. 442.
Ger'oeit. See Sylvester II, pope.
German Empire, II. 341; composition of,

343; progress of, 344.
German literature, IX. 276-322; "Sturm
und Drang Feriode," 12. 276.

Germanic tribes, characters of, I. 286-7.

Germantown, battle at, VIII. 23.

GUI many, I. 325; reconstruction of after

Napoleon's downfall. IX. 310.

Gerome, .1., French painter, II. 442.

Gerry, Eldridge, III. 127.

Gerrymander, lirst, VIII. 189.

Getae, defeated by Alexander, VI. 7-8.

Gettysburg, battle at. III. 262; VI. 422.

Ghent, city in Flanders, I. 419; VII. 230;
betrayed by Francis I, 230; 251-2.

Ghibellines, struggle with Guelphs, I. 388.

Gibson, W. II.. IX. 477.

Giil'ard's propelling balloon, X. 39.

Gilder, It. W., IX. 495.
Gillies Land, located, X. 310.

Ginsti, Guiseppe, Italian, satirist, IX.
377-8.

Giotto, painter, I. 442.
Ginud Stephen, VIII. 297; and V. 8.

Treasury, III. 127.

Girard f'ollege, VIII. 297.

Giron, I'edro, intends to marry Isabella^

129; dies on the way to the wedding.
129-30.
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Girondists, II. 211: struggles with the

Jacobins, 244; downfall of, 247.

Gizeh, pyramids of, I. 36.

Glacial theory, promulgation of, X. 268;
importance of, 270.

Gladstone, John, VII. 344.

Gladstone, William E., II. 415; leader in

Parliament, 417; appointed prime min-

ister, 419; his cabinet members, 420;
Irish politics of, 420; reforms under,
420-22; forms a new government, 421-5;
his Land bill, 426; resigns office, 429;
in power again, 431; introduces home
rule bill, 432; death of, 434; enters

public life, V. 422; rivals Disraeli, 426;
in favor of the South in civil war, 427;
VII. 344; education, 345; elected to

Parliament, 346; marries, 349; and
Disraeli, 355; his Home Rule efforts,

3G3; at Hawarden, 366; death of, 366;
IX. 144; education, 144; becomes leader
of House of Commons, 144; becomes
prime minister, 145; death of, 145;
writings, 146.

Glass, manufacture of, X. 222; composi-
tion of, 222; colored, 223; use of, in

the middle ages, I. 429.

Glassford, W. , perfects heliographic com-
munication, X. 380.

Glaucius, Illyrian chief, VI. 8.

Gluck, composer, II. 199.

Glucose, production of, X. 218.
Glue. See Waste, utilization of.

Glynne, Catherine, married to Gladstone,
VII. 349.

Godfrey of Bouillon, I. 342; character of,

343, 346, 347-8 ; defeats Sultan of Egypt,
348.

Godwin, earl of West Saxons, I. 357.

Goethe, II. 218; IX. 12, 280-3; meeting
of with Herder, 280 ; his stiy in Weimar,
281; intimacy with Schiller, 282; his

"Faust," 282, 283, 284-5; autobiog-
raphy of, 283; character of, 283-4; 312.

Gogol, Nikolai, Russian novelist, his

"Dead souls," IX. 362; effect of his

writings, 362.

Gold, first found in California, X. 172-6;
other places, 176; output of, 174-5;
crude and improved methods of extract-

ing, 175; costly machinery in gold-min-
ing, 176; fields, discoveries of, X. 12.

Goncourt, Edmond, French novelist, IX.
262.

Goncourt, Jules, French novelist, IX.
262-3.

Goodrich, S. G., IX. 501; his writings,
501.

Goodwin, William, American author, IX.
401.

Goodyear sewing machine, X. 90.

Gordium, Gordian Knot, VI. 19.

Gordo. Spanish nobleman, execution of, V.
134-5.

Gordon, C., British general, II. 481.

Gore, Christopher, VIII. 298.

Goring, royalist leadet, VI. 200.

Gose, English naturalist X. 7.

Gosse, E., IX. 163; his writ'nes, 163.
Gothic league, IX. 353, 354.

Goths, I. 275-7; two divisions c, 282;
power of, 2S2.

Gottsched, German critic, IX. 11.

Gotzen, von. his Central African expedi-
tion, X. 308.

Gounod, C., French composer, II. 441; his

"Faust," 441.

Gournay, II. 211; his "Laisser faire," 211.

Gower, J., poet, I. 439.

Gracchus, Caius Sempronius, Roman
statesman, his education, V. 41-2; his

land bill; 44-5; elected queslor, 46;

persecuted by the senate, 46; exiles his

brother's murderers, 47; elected tribune,

48; his colonies, 48; killed, 49; I. 230;
VI. 63-4.

Gracchus, Sempronius, Roman soldier,

marries Cornelia, V. 40; his death, -il.

Gracchus, Tiberius Sempronius, becomes

tribune, I. 229; murdered, 230; Roman
statesman, his education, V. 41-2; ad-

mitted to the college of Augurs, 43;
marries Claudia, 43; treats v.itn t!.e

Numantines, 43; takes up the l.md

question, 44 ; elected tribune, 44 ;
re-

elected, 45; speech in behalf of the poor,

45; killed, 45; VI. 63; social plans of.

63.

Granada, Mohammedan state in Spain,
V. 128 ; conquest of, 151 ; capture of, L
393.

Grand Remonstrance, the, VI. 194.

Granger, G., Postmaster-General, VIII.
174.

Granicus, battle of, VI. 13-15; result of,

15; I. 127.

Grannis weighing machine, X. 106.

Grant, African explorer, X. 306.

Grant, Matthew, VI. 443.

Grant, U. S., III. 281; elected president,

281; his cabinet, 284; his administra-

tion, 294; re-elected, 298; travels abroad,

326; his last investments, 338; VI. 443;

youth of, 444; in Mexican War, 440;

marries, 448; commissioned brigadier-

general, 449; Forts Henry and Donel-

son, 451; Vicksburg, 450; made lieute-

nant-general, 401
; Wilderness campa ;

gn,

462; Richmond sureudered, 404; elected

president, 465; tour of the world, 465;
death of, 465; III. 250; given command
of armies of the West, 264.

Granson, battle at, I. 387.

Granvelle, Autoiue de Perrenot, Cardinal,
VII. 256. 257, 258.

Grau, siege of, VI. 162.

Gravelotte, battle at, II. 334; VI. 379.

Gray, A., first Darwinian in America, X.
258.

Gray's multiplex telegraphy, X. 51; radio-

phone, description of, 61.

Gieat Bethel, battle at, VI. 409.

"Great Britain," first iron thip, X. 35.

"GUsat Eastern," laigest vessel built, X.

37; lays Atlantic cable, 37.

Greece, importance of its history, I. 82;

peoples of, 85; topography of, 86-7;

early tradition, 89-91; city states, 92;

Sparta, 96; Athens, 100-5; Persian in-

vasions, 106; downfall of Athens, 117;
Macedonian supremacy, 125; decline of,

136; colonies, 142; civilization, 148; lit-

eratuie, 156; sculpture, 167; manners
and customs, 172 ; insurrection of, II.

281; growth of, 282; intervention of tha

powers, 283.

Greek Civilization, I. 148; compared with

Oriental, 148; religion, 149; festivals,

1N5; literature, 153; philosophy, 1C3;
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fine trti, 166; mode of life, 171; educa-

tion, 174.
Greek education, I. 174.

Greek literature, I. 156; Iliad and Odys-
sey, 1B7; poetry, 168; drama, 160; his-

tory, 162.

Greek philosophy, erly, IV. 31 ; Thales,
31.

oreiy, A., arctic explorer, X. 314; ob-

ject of expedition, 314; result of, 314;
reception in U. S., 315.

Greeley, H., nominated for president, III.

297.

Green, J. R., IX. 158; his "History of

the English People," 158; other writ-

ings, 169.

Greene, Bowlin, VIII. 324.

Greene, N., defeats Cornwallis, VIII. 27.

Greene, Sarah P., IX. 508.

Greenland, settled by Norsemen, III. 2.

Green Mountain Boys, III. 59.

Greenwood, J., first American dentist, X.
358.

Gregorian calendar, II. 80.

Gregory VII, I. 326; power and authority
of, 335-6; conflict with emperor Henry
IV. 336; VII. 149; and Henry IV., 150;
flees from Rome, 156; death of, 157;
made a martyr, 157.

Gregory XIII, pope, reforms calendar, II.

80.

Gregory, A., ascends Victoria R., X. 327.

Grenyille, prime minister of England, and
Franklin, VIII. 54; his Stamp Act, 86;
III. 41.

"Grenzboten," Die, IX. 323.

Gresham, Walter Q., III. 347.

Grery, Jules, president of France, II. 353.

Grey, Jane, claims throne of England, V.
203.

Gridley, and John Adams, VIII. 108.

Griffln, American general, VIII. 19.

Grimm, Wilhelm and Jacob, German
writers, collected "Household Fairy
Tales," 292-3; 297-99; Jacob: "German
dictionary and grammar," 298; "Ger-
man mythology," 298; character of the

"tales," 298.

Grindal, W., tutor of Elizabeth, V. 202;
dies of the plague, 202.

Gros, Antoine, French painter, II. 442.

Grote, G., IX. 112.

Grotefend, G., deciphers Asiatic cunei-

forms, X. 290; his method, 290.

Grouchy, E., French general, VI. 325.

Grundtrig, N. F. S., Danish theologian
and poet, IX. 345; influence of, 345.

Guam, taken by the Americans, III. 371.

Guelfs, see Guelphs.
Guelphs, struggle with Ghibellines, I. 388.

Guerrazzi, Francesco, Italian author, IX.
379.

Guerriere, capture of, III. 129.

Guilds, early, I. 118.

Guiscard, Robert, VII. 156.

(iuise, assassinated by Poltrot, V. 179.

Guise, Cardinal of Lorraine, V. 172; ap-
pointed minister of justice, 174.

Guise family, V. 175; "Tumult of Am-
boise," 176; growing power of, 186.

Guiteau, Chas. J., III. 332.

Guizot, Francois, French statesman, his-

torian, IX. 240-1 ; his "History of civili-

zation," 240; political career of, 240-1;
11.288.

Gun-cotton, first used, X. 377.

Guorko, Gen., II. 368.

Gunpowder plot, II. 126.

Gustavus Adolphus, king of Sweden, II

100; defeats Tilly, 101.

Gutenberg, John, II. 15.

Gutzkow, Karl Ferdinand, German au-

thor, IX. 312-3; his "Uriel Acosta,"
313.

Guy of Lusignan, king of Jerusalem, VI.

138.

Gylippus, Spartan commander, I. 119.

II

Hacklander, Friedrich W., IX. 325.;
founder of "Ueber Land und Meer,"
325; works of, 325-6.

Hadrian, emperor of Rome, I. 272; sub-
dues Jewish revolt, 272.

Haeckel, Ernest, IV. 299; his "History of

Creation," 299.

Haggard, H. R., IX. 181; his novels, 181.

Hagia Sofia, see St. Sophia.
Hale, E. E., IX. 487; his writings, 488.

Hale, Nathan, III. 62.

Hales* discoveries in aeriform bodies, X.
208.

Halicarnassus, Dorian city, I. 143; its

mausoleum, 143; battle of, VI. 16-17.

Hall, A., discovers satellites of Mars, X.
287.

Hall, C. M., his process of manufacturing
aluminum, X. 171.

Hall, David, Franklin's partner, VIII. 48.

Hall, James, American writer, IX. 400.

Hallam, A. H., IX. 115.

Hallam, H., IX. 114; his "Constitutional

History," 114; on chivalry, I. 3'J5.

Halleck, Fitz-Greene, American poet, IX.

403, 406.

Halleck, and Grant, VI. 451.

Halley, Edmund, astronomer, II. 161.

Hamadon, see Ecbatana.
Hamburg, becomes center of commerce, I.

418.

Hamilcar Barca, Carthagenian command-
er, I. 217; VI. 45, 4(3-7.

Hamilton, A., VIII. 196; his education,
197; enter-* army, 19S; marries, 19SJ; be-

comes member of Congress, 200; work
in the constitutional convention, 201 ;

his plan, 202; becomes secretary of the

treasury, 204; his administration of the

department, 20fi
;

contest with Burr.

207; and John Adams', 123: death of,

211; funeral, 212; IX. .?04
; III. 75, 77,

Hamilton, Kmma, and Admiral Nelson.
VI. 270, 275, 280, 2K5.

Hamilton, J., duke of, VI. 208.

Hamilton, Philip, VIII. 207.

Hamilton, \V., obtains possession of Ro-
setta stone, X. 290.

Hamilton, royalist leader, VI. 208.

Hamites, from whom named, I. 6; civili-

zation of, 7.

Hammarskold, Lorenzo, Swedish author,
IX. 35.

1

', ; his "History of Swedisli Lit-

erature," 363.

Ilammerling, Robert, Austrian poet, IX.
321-2.

Hampton Court Conference, II. 126; VI.

Ifift.
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Hancock, J., VIII. 90.

Hand loom, old, X. 91.

Hand wheel, single spindle, X. 91.

Handel, G. F., II. 200.
"Handel und Wandel," Hacklanders, IX.

325
"Haniffs," Arab monotheists, VII. 130.

Hanks, John, VIII. 333.

Hannibal, Carthagenian general, I. 216-

19; crosses Alps, 218; defeat of, 219;
VI. 45-60; career of, 45; captures Sa-

guntum, 49; army of, 50; his march to

Italy, 51 seq. ; crossing the Alps, 52-3 ;

victories of, 53 seq. ; at Cannae, 55-6 ;

retreats to Bruttiuin, 58; military gen-
ius of, 59; as a statesman, 59; an exile,

59-60; death of, 60.

Hanseatic League, I. 419.

Hardenberg, Friedrich, IX. 291; ideas of,

291.
Hirdioamite. king of Denmark and Eng-

land, I. 357.

Harding, discovers Juno, X. 277.

Hardy, T., IX. 184; his novels, 185.

Harlem, city of, memorable siege of, VII.
270.

Harold, son of Godwin, I. 357, 358; VI.

119; visits William the Conqueror,
120, is crowned king, 121 ; death of,

125.

Haroun-al-Easchid, caliph of Bagdad, A.

315.

Harpagus, Median general, joins Cyrus, I.

70.

Harris, J. C., IX. 493; his -writings, 494.

Harrison, American general, VI. 361, 362,
368.

Harrison, Benj., elected president, HI.
341; his administration, 341; second
term, 347.

Hanison, Mrs. B., IX. 508.

Harrison, W. H., at Tippecanoe, III. 125;
in War of 1812, 128; elected president,
166; VIII. 286, 287.

Harte, Bret, IX. 482; his writings, 483.
Hartford Convention, III. i36; VIII. 194.
"Hartford wits," IX. 398.

Hartington, Spencer, English premier, II.

422; policy of, 422-3.

Itartmann, Eduard von, German philoso-

pher, IX. 305.
Harvard College, established, III. 18; IX.

392.
Harvard telescope, discovers Hyperion, X.

286.

Harvesting machines, X. 195-7; how many
used in U. S., 196-7.

Harvey, John, governor of Virginia, III.

13.

Harvey, W., explains circulation of blood,
X. 343.

Hascen, king of Tunis, VII. 227.

Hascen, Aga, pirate, VII. 231 ; defeats
Charles V, 232.

Hasdnifal, Carthagenian general, defeated

by Romans, I. 219; at Metaurus, 45, 58.

Hashem, subdivision of Koraish, VII. 129.

Hastings, Warren, II. 454.

Hastings, battle of, VI. 123-5.

Hats, process of making, X. 104-5.
Hauksbee's electric machine, II. 204.

Haussman, superintends rebuilding of

Paris, II. 317.

Havelock, H., British general, II. 455.

Hawaii, annexation of, III. 383.

Hawarden, Gladstone at, VII. 366.

Hawthorne, J., IX. 497; his writings, 497.

Hawthorne, N., IX. 423; youth of, 424;
at Brook Farm, 425; his romances, 425.

Hay, John, his description of Lincoln,
VIII. 341 ; his career, IX. 498.

Hydn, Jos. II. 199.

Hayes, Rutherford B., III. 305; his elec-

tion, 307; his administration, 318.

Haymarket riots, Chicago, III. 323.

Haynan, general, II. 305.

Hayne, P. H., poet, IX. 464.

Hayne-Webster debate, VIII. 300.

Hazlitt, W., IX. 56; his literary work, 57.

Hearn, L., IX. 499; his writings, 499.

Heath, John, his duel with Perry, VI. 371.

Hebert, J., French editor and demagogue,
V. 386; his false testimony against
Marie Antoinette, 386.

Hebrews, see Israelites.

Hector, Trojan hero, I. 89; death of, 90.

Hegel, G. W., IV. 330; his education, 331;
his lectures, 333; death of, 334; his

philosophy, 334 ; IX. 302.

Hegelochus, Macedonian admiral, VI. 27.

Hegira, VII. 136.

Heilighausen, battles at, VI. 170.
Heine. Hemrich, IX. 313-6; his "Reise-

bilder," 314; "Buch der Lieder," 314;
goes to Paris, 314; illness and death
of, 315; his place in literature, 316; at-

tacks romanticism, 316.
Helen and Paris, I. 89; Zeuxis' painting

of her, 170.

Heliogabalus, Roman emperor, I. 275.

Heliograph, in modern warfare, X. 379;
system of, 379; efficiency of, 379; tested,
379.

Heliopolis, VI. 27.

Helium, discovery of, X. 282.

Hellenes, supeiior qualities of, I. 88; divi-

sions of, 88.

Helmholtz, von, accepts Joule's theory, X.
229

Helois'e, story of, I. 433; IV. 176.

Helots, condition of, I. 97.

Helper, H. R., III. 233.

Hemans, Felicia, IX. 60; her poems, 60.

Hencke, discovers Astraea, X. 277.

Henderson, J., at battle of Winceby, VI.
198.

Hengist, Saxon chief, I. 307.

Henricians, rise of, VII. 155.

Henry, king of Castile, brother of Isa-

bella, makes treaty with her, V. 130;
tries to capture her, 132; makes peace
with her, 134; death of, 135.

Henry I, Beauclerc, king of England, I.

361 ; left the throne to his daughter
Matilda, 361.

Henry II, king of England, his domin-
ions, 1.362: his reforms. 362; cause of

Becket's murder, 363; sons of, 363.

Henry III, king of England, violates the
Magna Charta, I. 365; wars of the bar-

ons, 366.

Henry V, king of England, I. 377; treaty
with Charles VI, V. 90.

Henry VI, king of England, crowned at

Paris, 91 ; his letter about Joan of Arc,
114-118; I. 381.

Henry VII, king of England, I. 382; Ilia

reign, 383; death of, 383.
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Henry VIII, king of England, II. 51 ; his

rpiK", 52; marries, 53; quarrel with
Church of Rome, 54; king of England,
V, 198; marries Catherine of Aragon,
198; other marriages, 198; VI. 189, 192.

Henry II, king of France, V. 171; char-
acter of, 171; his intimacy with Diana,
172; death predicted, 174; death or,

174.

Henry III, king of France, V. JS5; ac-

cepts chieftainship of League of Cath-
olics, 186; "war of the three Henries,"
187; encounter with Guise, 188; flees to

Chartres, 189; murders Guise, 190.

Henry IV, king of France, I. 379.

Henry I, the Fowler, king of Germany,
I. 325 6.

Henry III, emperor of Germany, great
authority regarding popes, I. 326; art
and literature uuder, 326.

Henry IV. emperor of Germany, quarrel
of with Pope Gregory VII, I. 326; hu-
miliation of, 326-7; 150.

Henry of Nassau, VII. 253-4.

Henry of Navarre, V. 179; marries Mar-
garet, daughter of Catherine de Medici,
181; and Charles IX, 184; regains his

liberty, 184; "War of the Three Hen-
ries," 187; ascends French throne, 220;
aided by Elizabeth, 220.

Henry, J., experiments with wireless tel-

egraphy, X. 52; first electric motor, 142.

Henry, John, III. 125; his disclosures,
125.

Henry, Patrick, VIII. 128; marries, 128;
defeats "Parsons' cause," 130; elected
to House of Burgesses, 133; his grea
speech, 136; made commander of Vir-
ginia troops, 140; second marriage, 141;
elected governor, 141; anecdotes of. 142;
his legal triumphs, 145; death of, 147;
215, 2i'i, :;95; and Stump Act, III. 43.

Hernclea, battle at, I. 138.

Heraclidae, return of, I. 92.

Heraclitus, IV. 56; his asceticism, 57;
doctrine of predestination, 57.

Heraclius, last Konum emperor, I. 304;
critical period under, 304.

Herbert, Hilary A., Secretary of the
Navv, III. 347.

Herculaneum, city buried by eruption of

Vesuvius, I. 261.

Herder, Jnhann G., German writer, lit-

erary influence of. IX. 278.

Heresy in the Middle Ages, I. 424.

Herkimer, Nicholas, III. 59.

Hermandad, La Santa, see Holy Brother-
hood.

Hermias, king of Atarua, IV. 106; and
Aristotle, IOC; death of. 107.

Hermippus, Gwk comic poet, accuses

Aspaaia, V. 30.
TTr, rn,ion. Wm. TT., VIII. 325.

Herod tho Great, king of Judea, his deal-

ings with Cleopatra, V. 64; his oiler to

Antony, 69.

He-odritiis, Greek historian, on Egyjit. I.

2<i, ir>2; on the Persian religion, VII.

34, 36-7.

Herpyllis, wife of Aristotle, IV. 111.

Herschel, J., his experiment with the
spectrum. X. 133; his followers, 133; on
conservation, of energy, 220.

Herschell, Lord, president of Joint High
Commission, III. 415.

Herschell, W., II. 202.

Hershberger. H. R., Grant's riding-mas-
ter, VI. 446.

Hertz, Henrik, Danish dramatist, IX. 345;
his "Svend Dyrings House," 345.

Hertz's discovery, X. 53.

Hertzen, Alexander, Russian writer, IX.
303; exile and works of, influence of,

363.

Hessians, sent to America, III. 55; VIII.
19.

Heyse, Paul. German novelist, works of,
IX. 340; individualistic tendencies of,
340.

Hezekiah, king of Judah, attacked by As-
syrians, I. 59.

Hieroglyphics, I. 28-29.

Hildebrand, see Gregory VII, pope.
Hilderic, Vandal prince, VII. 118.

Hildreth, H., IX. 445; his writings, 446.

Hill, A. P., VI. 419.

Hill, D. H., VI. 489.

Hill, It., advocates penny postage, X. 43.

Hillsborough, colonial secretary, VIII. 01;
and Franklin. 62.

Hindoos, branch of the Aryan race, I. 17;
when they crossed Indus, 17; their in-

tellect, 21.

Hippias, ruler of Athens, I. 104 ; expelled,
105; guides Persian expedition, 106;
death of, 107.

Hippocrates, physician, I. 165.

Hipponicus, his v.-idow married to Peri-

rles, V. 28.

Hiram, king of Tyre, ally of Solomon, I.

58.

Hirtius, Roman consul, VII. 96.

Historians, (ireek, 1. 101'.

History, definition of, I.I; aim of, 2;
value of, ancient, 3 ; division of, 10.

History in Germany, IX. 331-7.

"History of Euijlish literature," Taine's,
IX. 271.

"History of Rome," Niebuhr's, IX. 331.

Hittites, I. 24; rule Asia Minor, 43; Alli-

ance with Rameses II, 43; their civiliza-

tion, 44; influence on the Greek", 44;
subdue] by Assyrians, 44.

Hittorf and Goldstein tube experiments,
X. 134-5.

Hobart. G. A., III. 351.

Hobhes, Thomas. IV. 239-52; view on
opinions of, 230-40; his "Leviathan,"
nud "Human Nature," 240; theories as

to mind and body. 241-2; materialism
of, 242-3; his theories of motion, 244-0;
fm the origin of ideas, 210; imagination,
217-8; liis psychology, 248-9; other ac-

complishment- of, 219-50; birth and
boyhood of, 250; autobiography of in

Latin, 251
; his translation of Honi'jr,

251 .

Hobby-horan, X. 27.

JHobson, Richmond P., III. 374; his ex-

ploit, 374.
Hoe printing press, X. 409.

Hoffmann, August, German poet, 318-9.
Hoffmann Ernst, German writer, tales of,

IX. 296-7.

Hog Industry of I*. S.. X. 190.

Hogarth, William, II. 107.
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Ho??, .Tames, IX. 53; Ms literary work,
54.

Holingshed's account of English homes,
V. 200.

Holland, J. G., IX. 450; editorial career,
459; novels, 460.

Holland, union of with Zealand, VII. 274.
Holland submarine boat, X. 40.

Holmes, Oliver Wendell, IX. 41T, 438;
"Breakfast Table" series, 439; personal
appearance, 440; character, 441.

Holofernes, Assyrian general, V. 3; Sicil-

ian account ot, 4; his march west-

ward, 9; war with the Jews, 9; deal-

ings with Achior, 9-10; killed, 18; his

head hung on the wall, 20; his army
routed, 21.

Holy Alliance, II. 276; revolts against,
278; IX. 311.

"Holy Brotherhood," in Spain, methods
of, V. 138.

Holy League, formed, II. 26.

Holy Roman Empire, V. 285.
Home rule, II. 430; introduced bill for,

432; VII. 363.

Homeric age, I. 90; life in, 01.

Homestead Law, passed. III. 282.
Homestead tiots, III. "28.

Honorius, Roman emperor, celebrates last

Koman trirmph, I. 284.

Hood, T., IX. 106; his life, 108.

Hooker, Jos., III. 256.

Hooker, W., botanist. X. 248.

Honker, traverses Gange- valley, X. 321.

Hopkins, Ezekiel, III. 65.

HoriVjnson, Joseph, American poet, IX.
398.

Hornc?, Latin poet, I. 2H9
;

his poems,
259.

Koratian law. I. 199-200.
Ho'ii. Philippe. Count, VII. 250, 257,
258; executed, 263.

Ho^nblower's steam-engine. X. 78.

Horsa, Saxon chief, I. 307.

Hortensius, Q., Rninp.n dictator, I. 203.

I'rrteusius, Roman o; ator, I. 253.

Hospitals, imp-cvements in, X. 364 ; spe-
cial. 3G5; advantages of, 365.

Kotel'kiV gun, X. 376.
House of Burgesses, first, III. 72.

Hou?e of Commons, see Parliament.
"Household Words," Dickens' editorship

of, IX. 73.

Houston, Samuel, III. 162-190.

Howard, J. . efforts toward prison sanita-

tion, X. 362.

Howe, assumes command in Boston, VIII.
17; battles with Washington, 18; re-

turns to New York, 19
;
wins at Brandy-

wine. 22.

Howe, K, X. 85-7.

Howe, Timothy O., III. 333.
Hove tru=s bridge, X. 67.

Howells, W. D., IX. -483; his writings,
4 S3.

Hoyt, Mary, VI. 426.

Hr.bertsbnrg, treaty of, VI. 240.

Hudson, Henry, III. 24.

IlnFSirn, spectroscopio investigations by,
X. 284.

Hugh. Count of VprmamloK I. 3 '3.

IIughenduTi, Disraeli's estate. VII. 341.

Hughes, Thos., IX. 90; his "Tom Brown,"
Oo.

Hughes' machine telegraph, X. 51 ; tel-

ephone, description, 59.

Hugo, bishop of Cluny, VII. 153.

Hugo, Victor, IX. 208, 219-25; family of,

219; his "Odes et Ballades," 220; dra-
mas of, 220-2; his "Notre Dame de
Paris," 221; poems of, 222; exile of,

223; his "Les Miserables," 223; death
of, 224; literary genius of, 224-5.

Huguenots, persecution of, under Louis
XIV, II. 117.

Hull, Isaac, III. 129.

Hullmandel's liihographic press, X. 397.

Hulsemann, Aust'.ian diplomat, VIII. 305.
Hulsemann Letter, III. 197.

Hnmboldt's explorations, X. 325; reaches

Quito, 326; maps Orinoco valley, 320;
geological and botanical results, 326.

Hume, David, II. 215; IV. 252, 274, S2;
two categories of, 282; political economy
of, 282; early life of, 283; his "Human
Nature," 283, 285, 286, 287; skepti-
cism of, 286-7; in dip'omatic se vi e,

287; uses the Baconian method, 288; his

"impressions" and "ideas," 288; hi

teachings, 289; compaied with Berkeley,
289 ; agnosticism of, 289-90

;
his t .eory

of causation, 291-4; his religious belief,
294-7 ; his conception of a miracle,
294-6.

Hundred Years' War, I. 375.

Hungaria, in war against a Franco-Ba-
varian army, VI. 227.

Hungarians, incursions of, I. 328; origin
of, 328.

Huns, 1.282-3; defeat Ostrogoths, 283;
defeated by Romans, 287.

Hunt, Leigh, IX. 3S; early productions,
38; pecuniary difficulties, 39; moral
weakness of, 39; his "Abou Ben Ad-
hem," 39; death of, 39.

Hunt, W. Holman, English painter, II.

441.
Hunt's sewing machine. X. 86.

Huss, J., ref.i-mer, I. 424; II. 20.

Hutchinson, Anne, III. 19.

Hutchin=on, governor of Massachusetts,
VIII. 62, 87; obtains pension, 91;
"Hutchinso'i letters," 9G.

Huxley. Thomas Henry, IV. 228, 230, 239 ;

on materialism, 242-3; IX. 129; his

writings, 130; on "Origin of Species,"
X. 254 ; his creed, 255.

ITuyghrn's telescope, II. 161.

Hydaspes, VI. 39.

Hyuer AH. II. 454.

Hydraulic crane, see Crane, hydraulic.
Hydraulic machines for tunneling, X. 72.

Hydraulic press, see Press, hydraulic.
Hydrogen and oxygen, relative weights of,

X. 23.

Hydrophobia, cure of, X. 358.

Hygiene, knowledge of. among the an-

cients, X. 3GO: epidemics, 360; personal
hygiene, 3GO; drainage, 361; jail fever,

301 ; scurvy, 302.

Hyperion discovered, X. 280.

Jlyphasis, limit of Alexander's advance,
VI. 40.

Hyreania, invaded by Alexander, VI. 33-

34.

Hyreanus, John, Jewish leader, I. 61.

Hysx/os conquer Egypt, I. 30-31,
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"Ian Maclaren," see Watson, J.

lapygians, I. 177.

Ibsen, Henrik, Norwegian dramatist, IX.
352 ; early life of, works of, 352.

Ice, artificial, production of, X. 221.

Iceland, settled by Norsemen, III. 3.

Idealism, Berkeley's, IV. 273, 277-81.

Ideologists in French literature, IX. 207.

"Ik Maivel," see Mitchell, D. G.

Iliad, value of, I. b9 ; Homeric age, 91;
beauty of, 158.

Illumination, improvement in methods of,

X. 6; evolution of, 118-20.

Illyrians, defeated by Alexander, VI. 9.

Ii^meimnun, Karl, German poet, IX. 317-

8; his "Munchhausen," 318.

Incandescent lamps, X. 126; De Moleyns'

patent, Starr's invention, DeChangy,
Lcdyguine, Kohn and Swan, 126.

India, I. 16; riches of, 17; invaded by
Alexander the Great, 17; Mohammedan
invasion, 17; invaded by Jenghis Khan,
17; Mogul Empire founded, 18; caste.

18-19; government, 19; religion, 19-20;
science in, 20; architecture, 20; Portu-

guese in, II. 445, 446, 451-2, 453; Gr.

Britain in, 446, 452, seq. ; invasions

into, 441); English wars in, 453 seq.;

English governors of, 453-6; mutiny in,

455-0; English government in, 456; in-

vaded by Alexander, VI. 38; surveyed,
X. 321.

Inductive method in philosophy, IV. 205,

207, 208-9.

Indulgences, sale of, VII. 196.

Industrial schools, X. 337; purpose of,

337; in U. S., 337.

Infantry, importance of in war, I. 387.

Ingelow, Jean, IX. 105; her poems, 106.

Ingemann, Bernhard S., Danish novelist,

works of, IX. 346.

Ingoldsby, Thomas, see Barham, R. H.
Ingres, J., French painter, II. 442.

Inkermann, battle at, II. 364.

"Innate ideas," IV. 257.

Innocent III, pope, I. 337; great power of,

337; war against Albigenses, 338; starts

inquisition. 338; his letter, 425; II. 38.

Inquisition, its rise, I. 338; II. 38-39; in

Spain, 393; court of opened, V. 144; pro-

cedure of, 144-5; victims of, 145-6; in

Holland, II. 46; in Italy, IV. 197.

Insanity, treatment of, X. 363.

Internal revenue. VIII. 378.

Inter-state commerce, VIII. 378.
Inter-State Commission Bill, III. 338.

Ionian Isles, I. 87.

lonians, I. 88; colonize Asia Minor, 93;

r-om]i:irrd to Dorians, 05.

Ionic architecture, 1. 166.

IT.-U.S, battle at, I. 132.

Iran, seat of Aryan race, VII. 35.

Irc-lai.d. massacres by Catholics of, VI.

2OO; submi-^ion of, 210; conquest of, I.

370; home rule for, VII. 364.

Ireton, H., VI. 210.

Iri-ih Land Act, II. 420.

Irish question, II. 42H-31
;
VII. 362.

Iron and te'l. X. 105-70; known by Chi-

nese and Phoenicians, 165; "pig" iron,

1i''i; mctallii'w of, 160; old and new

processes, 1679.

Iron-clads, value of established, X. 372.

"Ironsides," Cromwell's, VI. 197.

Iroquois, in French-Indian Wars, III. 28.

Irrigation, ancient and modern, X. 188-9.

Irvine, capitulation of, VI. 146.

Irving, Washington IX. 402-6; early years

of, 402-3 ; compared with Brockden
Brown. 403; and Knickerbocker school,

403; his Knickerbockers "History of

New York, 404; diplomatic mission of,

405; death of, 406.

Isabella, countess of IJuchan, VI. 149.

Isabella of Castile, V. 127; her environ-

ment, 127; birth of, 128; her family,
12U: death of her father, 129; am.,nce<i

to Don Pedro Giron. 129: her protest,

129; offered the crown, 130; signs mar-
riage contract with Ferdinand of Ara-

gon, 131; seeks help from Aragon, 132;
publicly married, 133; her looks, 133;
her character, 134; crowned, 135; or-

ganizes her Holy Brotherhood, 131;

quells riot in Segovia, 139; well re-

ceived at Seville, 139; inspects Moorish
frontier, 140; enforces the laws, 140-41;
answer to the nobles, 141-2; quarrels
with Sixtus, IV. 143; restores the in-

quisition, 143: begins war on the Moors.

147; her conduct in the war; 148-9;
enters Malaga, 149; dealings with

Colombus, 152; expels the Jews, 153;
marries her daughter to Emanuel, '55;

dealings with the Aragonese, 155;
Ximenes' influence with, 163; her healtu

fails, 105; her will, 1CO-7; death of,

167; compared to Elizabeth, 225; I.

393; VII. 2<>7.

Isabella, queen of Portugal, V. 155; bears

a son, 150; death of, I5i.

Isabella II, queen of Spain, II. 380.

Isis, Egyptian goddess. I. 38.

Islamism. See Mohammedanism.
Israel, kingdom of, I. 58; conquered by

tiargon, 59.

Israelite 1
'. I. 56: their race. 56: their re-

ligion, 56; epochs of their histoiy, 5C-7;

depart from Egypt, 57; their federal

republic, 57: monarchy. 57-8; their

golden age, 58; decline, 58; Babj'lonian

captivitv. 5'.); return, (SO; are called

Jews, 60; conquered by Alexander the

Great, 60; governed by the Ptolemies,
61 ; conquered by Antiochus the Great,

61; under tlio Maecabee-. 61-2: under

Homo, 62; dispersion of, 62; their lit-

erature, G2; monotheism of, VII. 7.

Issus. battle at, I. 127; VI. 2u, 21-24.

Isthmian games. I. 155.

Italian art, sixteenth century, H- 83.

Italian literature, IX. 37282; classical

and romantic school in, 372, 375-6; Mi-

laneso school, 375-6.

Italy, description of, I. 177; conquest of,

2o5 10; political classes of, 210-11; great
roads of. 211-12; unity of, II. 318: de-

cline of, 190.

Ivan III of Russia, II. 170.

Ivan IV of Russia, II. 170.

Ivan, grand duke of Russia, V. 330; put
to death, 333.

"Ivanhop." published, IX. 27; its recep-

tion, 27.
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Jackson, Andrew, at New Orleans, III.

134 ; presidency of, 151 ; seventh presi-

dent of U. S., his speech on Mary
Washington, V. 280-2; VIII. 2:52-54,
birth of, 233 ; marriage of, 233-4 ; elected

U. S. senator, 234; his duel with Dick-

inson, 2,'!5-6; military record of, 237-40;
appointed governor of Florida, 240; pop-
ularity of, 241 ; presidential campaigns
of, 241-3; elected president, 24:>; his

wife's death, 243-4; his "kitchen cabi-

net," 244; policy of, 247 seq. ; opposed 10

financial power, 248-50; parties under,
250-1 ; retirement of, 252 ; character and
death of, 253.

Jackson-Harmsworth polar expedition, X.
31C; determines Franz Joseph Laud
coast, 316; rescues Nansen, 318.

Jackson's Force Bill, VIII. 312.

Jackson, Thos. ,T., VI. 467; compared to

Napoleon, 467; education, 469; in Mex-
ican war, 469 ; marries, 471 ; in Civil

war, 473; his title of "Stonewall," 476;
death of, 493; III. 246; 252;

Jacobin Club, II. 238.

Jacques, W., perfects multiple message
system, X. 61.

Jaffa, VI. 140.

Jail fever, X. 361 ; Howard's reforms, 362.

James, St., worship of in Spain, V. 137.

James I., king of England, II. 125; his

reign, 126; V. 213; attempts to save his

mother, Mary Stuart, 217; VI. 192.

James II, king of England, II. 135; his

reign, 136; flees from England, 139.

James, G. P., IX. 85; his stories, 85.

James, Henry, IX. 485; his writings, 485.

Jpmeson's raid, II. 433.

Jamestown, founded, III. 10.

Japan, II. 4G2-68; early history of, 462;
policy of isolation in, 462-3; treaty of

with U. S., 463; growing influence of,

463 ; constitution of, 464-5 ; administra-
tion in, 465; in war with China, 465-6;
education in, X. 332.

Jason and the golden fleece, I. 89.

Java, II. 461.

Jay, John, III. 84; his mission, 84; VIII.

115; IX. 394.

Jebusites, Canaanitish tribe, conquered by
David, 57.

Jefferies, R., IX. 177; his writings, 177.

Jefferson, Martha, VIII. 162.

Jefferson, Peter, VIII. 149.

Jefferson, T., VIII, 149; education, 150;
elected to House of Burgesses, 151

;

marries, 152 ; writes Declaration of In-

dependence, 155; IX. 394; III. 100.

Jeffrey, Francis, IX. 50.

Jehan, Mosul emperor, II. 449.

Jehanghir, Mogul emperor, I. 18.

Jehu, king of Israel, I. 49.

Jehoiachin, captive king of Judah, I. 54.

Jehoiakim, king of Judah, made tributary
to Babylon, I. 59.

Jena, battle at, II. 262; VI. 315.

Jenghis Khan, Mongol emperor, I. 12;
invades China, 12; takes Pekin, 12.

Jennings, Hargrave, his book on Rosicra-

cians, IV. 201.

Jerome, St., early Christian writer, trans-

lates Uie Book of Judith, V. 4.

Jerusalem, city Of Palestine, taken by
Babylonians, I. 59, 61-2; destruction of,
62, 270; kept by Saracens, 347; taken
by crusaders, 347; by Saladin, 350; re-

captured, 353; becomes Turkish, 353;
surrender of, VI. 138.

Jesuits, order of, II. 36; growth of, 37.

Jewett, S. O., IX. 507.

Jews, banished from England, I. 371 ;

from Spain, 393 ; their knowledge of

medicine, X. 342; driven from Arabia,
VII. 140. See also Israelites.

Jews in Spain, attempt to convert, V. 144;
expulsion of, 153.

Joachim, Jewish high priest, V. 21.
Joachim. See Jehoiachin.

Joan, daughter of Isabella, married to

Philip of Austria, V. 155; her voyage to

Flanders, 155; acknowledged in Spain,
157; mother of two emperors, 157; her
madness, 158.

Joan of Arc, V. 88; sources of her history,
88; born at Domremy, 89; journey to

Chinon, 89; character of, 89-90; de-

scription of, 91-92; visions of, 92-93;
taken Governor Baudicourt, 93; her
'attire, 93; begins her mission, 93-4;
traverses France, 95; Monstrelet's de-

scription of, 95; meets the king, 96; ex-

pedition to Blois, 97; arouses the poo-
pie, 97-99; her letter to Henry VI, 99-

100; arrives at Orleans, 100; attacks
the English, 101; defeats them, 1< :3;
Du Hainan's estimate of, 106; wounded
at Montmartre, 109; defeated at Pont
L'Eveque, 110; captured at Marigny,
112; sent to Beaulieu, 112; given over
to the Inquisition, 113; Cauehou and
five prelates appointed to try her, 114;
sentenced to death, 114; her trial, 119-
122; death sentence sustained by the
Paris University, 122; execution of, 122-
4 ; her sentence revoked by Pope Calixtus
III. 124; fate of her judges, beatified

by Pope Leo XIII, 125; Allar's statue
of, 125; her moral worth, 126.

Joan, niece of Isabella, her claim to the
throne, V. 136, 154-5.

"John Bull" locomotive imported to
America, 1831, X. 21.

John VIII, pope, I. 335.

John, Don, of Austria, governor of the
Netherlands, VII. 276, 277; defeats

Netherlanders, 278, 279.

John, Lackland, king of England, I. 363-
6; tyranny of, 363-4; Magna charta,
3G4-5; quarrel with the pope, 364; wars
against France, 372-3; VI. 142; I. 372;
wars against Philip II of France, 373.

John II, king of Castile, father of Isabella,
V. 129.

John VI, king of Portugal, II. 293.
John, son of Isabella, marries Margaret of

Austria, V. 155; his death, 156.

Johnson, Andrew, III. 275; his inaugura-
tion, 275; and congress, 277; impench-
ment of, 280; succeeds Lincoln as presi-

dent, VIII. 382; impeachment of, 38.1.

Johnson, Samuel, IX. 18.

Johnston, Jos., III. 245.

Johnston, Sydney, III. 251.
Johnstown flood, III. 344.
Johanthan Maccabaeus, Jewish leader, L.

61.

Jones, Jacob, III 129
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Jones, John Pawl, American naval officer,

VI. 250-66; personal traits of, 250-1;
early life of, 251-3; settles in Virginia,
253; appointed lieutenant, 2~>3; military
career of, 254 seq. ; daring deeds of,

257-9; his report of battle, 259-60; ap-
pointed rear admiral, 264 ; in Kussian
service, 266; death of, 266; III. 65.

Joseph II, emperor of Germany, V. 313;
ascends throne, 313; covets Alsace and
Lorraine, 373; death of, 373.

Joseph I, king of Portugal, II. 195.

Josephine, wife of Napoleon Bonaparte,
V. 389-415; compared with Cleopatra
and Catherine II. 389; first husband
guillotined, 390; influence of, 391; di-

recting "balls of victims," 391; bom at

Martinique, 391; her maiden name, :192;
came to P>ance, 392; first married to

Beauliarnais, 392; a son Eugene born
to her, 392; her daughter Hortense born,
393; returns to Martinique, ."03; g,-<s to

prison, 393-4; good-natured, 395; char-
acter of, 395; married to Napoleon. :'.Q" ;

letters from Napoleon, 397-9
; is left at

Milan, 399; moves into palace of Lux-
embourg, 400; her extravagances, 400-:';
mnde empress, 403-4; her debts. 4f'.">: a

spendthrift, 406; hated by Bonaparte
family, 406; her artificial nature, 406-7;
divorced from Napoleon, 408; signs lu-r

abdication, 409; reconciled with Xapo-
leon, 409; lives at Malmaison with her
jewels, 409; is treated well by NapoL-on,
410; receives money and presents of

Napoleon, 410; resides nt castle of

Navarre, 410; writes to Napoleon. 41? ;

her illness and death, 412; is followe 1

to the grave by two grandchildren, 41-,;
great cortege, 413; buried iu chinch at

Rueil, 413; monument cm grave of. 41.'!;

funeral sermon of, by arehbi.-h p o;'

Tours, 413; her charitable character,
413; VI. 293.

Josephus, Jewish historian, mentions Ju-
dith, V. 4; on Ile'-cxl and Cloopat-.-a, 5J;
VI. 27; account of Moses, VII. 13.

Joshua, Jewhh chief. I. 60.

Joshua, successor of Moses, VII. 10.

Josiah, king of Jwlah, I. 59.

Joule, J. P., his researches, X. 227; his

paper on heat and eneray, 228; law of
conservation of energy, 229.

Juba, king of Numidia, VI. S8.

Judah. kingdom o f
, I. '> ; mad" tributary

by the Babylonians, 59; final conquest
of, 59.

Judas, Maccabaeus, Jeui-h leader, I. 61.

Judith, Hook of, authoiship c f . V. -1; in
the Septuaginta, 4; accepted as cano-
nical, 4; authenticity of, 4, 7; rivr-,1

value of, 5, 23; rejected by Protesirtiils,

7; literary form of, 8; her beauty. 3;
meaning of the name, 11; lier wealth,
11; speech to O/.aK 12; her prayer,
12-13; talks to Ilolofernes, 15-16

;
an .wc.-r

to Vagaos, 17; kills lioloferncs. 18;
her triumph, H); in art and literature,

22; "Judith and Ilolofumu-," painting
by Vernet, 22.

Jugurtha, king of Numldia, I. 196; 231;
bribes Itoman senators. 231 ; defeated
by Marina, 231; death of, 2.'U.

JuKurthine war, VI. 64.

Julia, daughter of Augustus, VII. 109.

Julian Apostate, Roman emperor, I. 281-2;
invades Persia, 282; defeated, 282.

Julian calendar, I. 246; abolished, II. 79.
Julius II, pope, and Machiavelli, VII. 177;

VII. 187.

Junkin, Elinor, married to Stonewall
Jackson, VI. 471.

Justinian, Flavius Anicius, emperor of the
East, VII. 112-26; parentage, 112; his

empire, 115; defenses, 115-16; build-

ings, 116-17; his wars, 118-121; char-
acter of, 122; relation to Christian
sects, 122; his laws, 124-26; death, 123;
I. 303; his codex, 302; I. 303.

Juvenal, satirist, I. 263.

K
Kaba, VII. 128; idols of destroyed, 142.

Kachiapa brothers, Buddhist converts, IV.
17.

Kadish, capital of Khita, I. 43.

Kanade, Hindu philosopher, IV. 7.

Kane relief expedition, X. 311; medals
awarded to, 312.

Kansas, admission of, into the union, III.

215.

Kansas-Nebraska Bill, III. 214; VIII. 376.
Kant, linmanr.el. IV. 299; his philosophy,
3oO; education, 305; fust writings, 30S;
resigns university position, 310; dea'h
c", 311; habits, 311; IX. 290; his

"Critique of pi've rea<-cri," 301 ; influ-

ence of on Schiller, 303; X. theory of

universe, 255.

Kant. John (}., IV. 30.1.

K.ipila, Hindu philosopher, IV. 7.

Kapi.avaiUi, birthplace of Gau'ann, IV. 9.

Karamzin, Nikolai. Russian historian. IX.
358; works and inrl-.ieiice of, 358-9.

Karma, law of, IV. 24; explanation of,
25.

Karnak, ruinr, of, I. 35.

Katte, von. Prus-ian officer, VI. 220-1.

Kaulbach, von, Vv'., German painter, II.

442; his "Bat'lc of the Huns," 442;
"Full of Jerusalem," 443.

Kaunitz, Maria Theresa's prime minister,
V. 300; power of, 314.

Kavka. Lord, Wallenstein's guardian, VI.
161.

Kearney riots, III. 323.

Keats, John, IX. 37; his poetry, 37; death
of, 37.

Keble, J., IX. 121; his "Christian Year,"
124.

Keifer, J. Warren. III. 335.

Keimer, printer, opposes Franklin, VIII.
44.

Keith, Sir W.. VI IT. 43: aids FramOin. 44.

Keley. determines constitution of Saturn's

rings, X. 287.

Keller, II.. education of, X. 341.
Kelvin, Lord, calculates solar heat, X. 283.

Kennedy, J. P., IX. 461; his writings,
401.

Kepler, II. 160; l,is laws, 160.
Kr.rni r, Ju-tinus, (1. rman poet, IX. 317.

K'-y. Francis Scott, American poet, IX
.",9; hi- "Star Spangled Banner," 398;
IK. 13S.

Khadijah, first wife of Mohammed. V. 74:
VII. 129.
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Khartoum, II. 481.

Khita, country of the Hittites, I. 43.

Khit.ishire, king of Khita, I. 43.

Khoraiba, battle at, V. 84-5.

Ivilsby tunnel, X. 72.

Kindergarten, development of, X. 333;
Pestalozzi, 333: Ms theories, 334; Froe-

bel, 334; statistics of, 334.

King, Charles, IX. 502.

King, S., American explorer, X. 326.

King, W. It., III. 188.

King Philip's War, III. 22.

Khsglake, A. W., IX. 159; his "Crimean
War," 159.

Kingsley, Chas., IX. 85; his "Hypatia,"
80; and Newman, 86.

Kinesley, Henry, novelist, IX. 87.

Kipling, R., IX. 193; his education, 194;
his writings, 195.

Kirchnff, devises spectroscope, X. 281.

Kitrhencr. British general, II. 481.

Klinger, Friedrich, German writer, his

"Sturm und Drang," IX. 12, 276.

Klondike, discovery of gold in, III. 416;
X. 173.

Klopstock, Friedrich, German poet, IX.
276-8; patriotic enthusiasm of, 276-7;
followers of, 277; his "Messiah," II.

278.
"Knickerbocker School," IX. 403.

Knight, qualifications of a, I. 396; cour-

tesy, 397; munificence, 398.

Knights Hospitallers, K. Templars, I.

S48, 354.

Knights of Labor, III. 324.

Know-Nothing party, III. 213.

Kmnylcs, J., edits "Contemporary Xte-

Tiew," IX. 142.

Koch, researches of, X. 355; discovers

1-acillus of cholera. 355.

Koc>-is's press, X. 390.

Koliyans, Hindu tribe, IV. 10.

Kovr;--i"u-. se. t'te Confucius.

Koniggratz, battle at. IT. 312; VI. 377.

Kc.nrakine, copies Catherine's memoirs,
V. 327.

Korah. rebellion of, VII. 9.

Koraish, Arab tribe, VII. 134, 135; sub-

jugated, 142; 128.

Koran, scripture of Mohammedans, V. 76;
published, VII. 131.

Korner, Thcodor, German poet, IX. 306-7;
war songs of, 307.

Kosciurko, captured by Sirwaroff, V. 343.

Kossuth, Louis, II. 305; visits America,
III. 201.

Krasinski, Sigismund, Polish poet, IX.
369-70.

Kraszewsky, Josef, Polish author, numer-
ous works of, IX. 370.

Kriloff, Ivan, Russian, fabulist, personality
of, IX. 359.

Knlih.i Khan, Mongol emperor, conquers
China, I. 12; founds the Mongol dy-
nasty, 12.

Ku Klux Klan, III. 286.

Knltur-Kampf, Leo, XIII and, VII. 390;
II. 343.

K'uug-fu-Tsze See Confucius.

Laborosoarchod, king of Babylonia, I. 54.

Laconia, Greek state, I. 87.

Ladroue Islands, taken by America, III.

372.

Lafayette, M. J. P., Marquise de, French
general, visits Mary Washington, V. 277;
VIII. 25, 227-8; visit to America, III.

150.
"La Gloire," first sea-going iron-clad, X.

370.

Laibach, congress at, II. 278.
"Laisser taut-,' 11. 211.

Lake Erie, battle of, VI. 364-7; III. 133.

Lake School of Poetry, IX. 40.
"Laila Rookh," IX. 33.

Lamarck's "Philosophia Zoologique," X.
246.

Lamartine, Alphonse, French poet, IX.
209; compared with Beranger, 210; his
"Meditations Poetiques," 211; political
career of, 211, 212; his "History of the
Girondists," 212; 217; 224.

Lamb, Charles, IX. 55; and his sister, 55;
his "Elia," 55; death of, 56.

Lamb, Mary, IX. 55.

Lamballe, Maria, favorite of Marie An-
toinette, V. 380; prison companion of
the queen, 380-1.

Lambert, astronomer, and Kant, IV. 308.

Lamennais, Hugues, French writer, IX.
207-8; religious work of, 208.

"Lamia," Keats', IX. 37.

Lament, Daniel, secretary of war, III. 347.
Lamotte, Jeanne, participant in "Dia-
mond Necklace Story," V. 363, 365; im-
prisoned, 367; new libel of on the queen,
376.

Lamps, various kinds of, X. 118-9.
Land Tenure Bill Gladstone's, VII. 358.

Landor, S., explores Thibet, X. 321.

Landor, W. S., IX. 51; "Imaginary Con-
versations," 52; exile and death of, 52.

Landshut, battle of, VI. 317.

Lang, A., IX. 177; his writings, 178.

Langdale, Alarmaduke, English general,
VI. 206, '208.

Langley's flying machine, X. 40.

Languages, statistics of, X. 303.

Lnnier, S., IX. 465; his poems, 466.

Liinnes, J., French general, VI. 296, 297.

Laurier, Wilfred, premier of Canada, III.

414.

Laotse, Chinese philosopher, I. 11; found
the Taon-tse, 11; writes the Tas-te-

king, 11; his system, 11.

Laplace, his suggestion, X. 46; his nebu-
lar hypothesis, 246; II. 202-3.

Lappart, Durant, uncle of Joan of Arc,
V. 93.

Lassalle, Ferdinand, influenced by Hegel,
IV. 330. ideas of, IX. 339.

Lassell's telescope, discovers Neptune, X.
286.

Lateran Council, VII. 190.
Latin literature of the republican period,

I. 251.
Latin war, I. 207.

Latins, I. 179.
Laurentian Library, I. 390.
Lautrec, general, VII. 224; defeat of, 224.
Lavasseur on 19th century education, X.

328.
Lavoisier reorganizes science of chemistry,

X. 208.

Law, study of, in the Middle Ages, I. 431 ;

Roman, VII. 124-6.

Lawrence, James, III. 134.
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Layard, A., explorer, X. 292.

League of the public Good, VII. 163.

Learning, in the Middle Ages, I. 408-10.

Leatherwood, Patrick Henry's estate, VIII.
141.

Lcbon, J., French revolutionist, V. 407.

Lobruu, ber description of Catherine II,

V. 345; picture of Marie Antoinette, V.
360.

Lecky, W. E. H., IX. 154; hi3 writings,
157.

Lecomte, Gen., II. 349.

Lecoute de Lisle, Charles, French poet,
IX. 254.

Lee, Arthur, VIII. 59.

Lee, Charles, VIII. 24; court-martialed,
25; III. 58.

Lee, Fitzhugh, III. 360.

Lee, Matilda, VI. 404.

Lee, I'hilip L., VI. 404.

Lee, Robt. E., assumes command of army
of Virginia, III. 253; VI. 403; educa-

tion, 405; marries, 405; in Mexican
War, 40C; in Civil War, 409; death of,

424; III. 261.

Lee, K. II., his resolution, III. 56.

Lenwenhoek, describes bacteria, X. 354.
Le Fort, and Peter the Great, VII. 313.

Legion of Honor, established, II. 256.

Legion, Roman, I. 193-4.

Leibnitz, II. 158.

Leicester, Earl of. See Montfort.
Leicester, favorite of Elizabeth, V. 210;
undertakes assassination of Simier, 209;
governor of Holland, 213; death of, 220.

Leicester, taken by Cromwell, VI. 207.
L( ic-hardt, explores Queensland, X. 3-7.

Leidy, J., discovers prehistoric quadruped,
X. 270.

Leif the Lucky, III. 2.

Liege, revolt of. VII. 104.

Lciger "feeder," description of, X. 392.

Leigh ton, F. , English painter, II. 444.

Leipsic, captured by Wa.'.len-ite:n, VI. 178;
battle of, 321; University of, founded,
I. 425.

Lemaitre, Jules, French critic, IX. 273.

Lenan, Xikolaus, Austrian poet, IX., 319.
Lenard's "shadowgraphs," X. 135.

Lcnormant, Ch., French scholar, con-
demns the Book of Judith, V. 7.

Lens, telescopic, manufa"ture of, X. 2Sfi;
cost of, 2S(i; dimensions of, 2.SO.

Lentulus, Publius Cornelius, Roman con-

sul, VI. 80.
Leo III. pope, crowns Charles the Great,

I. 321.
Leo X, pope, VII. 186; elected pope, 188;

rebuilds St. Peter's, 11)1
;
meeU Franrii

I, 192; his indulgences, 19<i; and Luther,
197; his successes, 203; death of, 203;
his character, 203.

Leo XIII, pope, VII. 387; education, 387;
becomes Cardinal Carnerling.), 2S9;
elected pope, 389

; contest with Kultur-
Kampf. 390; recognizes French republic,
394; other letters, 397; personality of,

400; II. 344.

Leon, Ponce de, III. 6.

Leonidas, kin;; of Sparta, I. 100; defends
pass at Thermopylae, 10!).

T.eonidas II. kin;; of Sparta, I. 140.

Leopardi, Giacomo, Italian poet, IX. 378;
atheism f/f. 378: exquisite poetry of, 379.

Vopold I, kin;; of Belgium, II. 287.

Leopold II, king of Belgium, II. 287.

Leopold II, emperor of Germany, brother
of Marie Antoinette, dies, V. 376.

Ltpanto, battle at, II. 65.

Lepidus, member of "second triumvirate,"
I. 248; V. 59; VII. 95, 96.

Lepsius, Karl, R., egyptologist, IX. 329,
330; X. 290.

Lermontoff, Mikhail, Russian poet, an-

cestry of, I X. 361 ; called the poet oi

Caucasus, 3G1 ; death of, 361.
Le Roy, Catherine, VIII. 301.

Lesage, II. 212; his "Gil Bias," 212.

Lesseps, F. , promoter of Suez canal, X.
73; II. 355.

Lessing, Ephraim, German author, influ-

ence on German literature, IX. 27'J ;

his "Laokon," "Nathan the Wise," 12,
279.

Leuctra, battle at, I. 123; moral influ-

ence of, 123.

Lever, Charles, IX. 82; marries, 83; his

novels, 83.

Leverrier, astronomer, discovers Neptune,
X. 276.

Lewis, F., son-in-law of Mary Washington,
offers to direct affairs, V. 273.

Lewes, G. H., his History of philosophy,
IV. 1-2; IX. 93; marries George Eliot,
93; death of, 94.

Lewis expedition, X. 322; valuable ser-

vice of, S23; awarded by Congress, 323.

Lewis, Mrs., daughter of Mary Washing-
ton, V. 273.

Lewis, \Ym., VIII. 143.

Lewis, Wyndham, VII. 333.
Lex Canulcia, I. 200.
Lex Hoitensia, I. 203.
Lex Julia, passed by Romans, I. 232; ex-

tended, 233.
T.ex Oguluia, I. 202.

Lexington, battle at, III. 53; VIII. 102.
Leyden, city of. siege of, VII. 271-3.

Leys, Heiidrik, Belgian painter, II. 443.
Liberal- Unionist party, II. 429-30.
"Liberator," Garrison's paper, VIII. 312.
Liberia, II. 483.

Liberty party, VIII. "73.
Licinian laws, I. 201 ; 229.
Lidnhis Stolo, plebeian tribune, I. 200-1.
Lick telescope, X. 285.

Lirbis. J., chemist. X. 188.

Liegeman, definition of, I. 404.
Liek, travels with Wallerntein, VI. 1(51.

"Life of Jesus," Renan's, IX. 269.

Light, undulatory theory of, X. 212; ve-

locity of, 232: vibrations, 2::3; color

produced by, 233.

Light and heat, rerolution in production
in 19th century, X. 115.

Light Brigade, chargo of at Ba!aV.lara,
II. 3G5.

Ligny. battle of, VI. 342.
Li Hung Chang, VII. 425; in the Taiping

rebellion, 426; murder of the Wn*s,
430; as Viceroy of Hukwang, 433; diplo-
matic successes, 438; in Japanese war,
442; visits United States, 444; II. 474;
and Grant, III. 326; VII. 425.

Liliciirron, Dillcv von, I)ani-h hovn, IX.
341-2; works of, 342; writer of ballads,
342.

Lincoln, A., his cabinet, III. 241; death
of, 274; its influence upon the nation,
274; asoujiiuutiuu of, VIII. 3S1; V'ill.
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321; character, 323; youth, 323; rivalry
with Douglas, 325; appearance, 323;
anecdotes of, 329; candidate for presi-

dency, 336; elected, 337; his adminis-

tration, 340; issues emancipation procla-
mation, 316; re-elected, 349; assassina-
tion of, 352; funeral services, 355.

Lincoln-Douglas debates. III. 229.

Lincoln, L., attorney-general, VIII. 174.

Linde's experiments with liquefied air, X.
242; his process, 242.

Lindley's "Introduction to Natural Sys-
tem of Botany," X. 248.

Lingard, J., IX. 116; his "History of

England," 117.

Linnaeus, foreshadows evolution, X. 245;
his work in botany, 247; his "Artificial

System," 247.

Linotype, invented, X. 402; description of,

402-3.
"Lions' Mouths," at Venice, I. 389.

Lippencott, tried by court-martial, VIII.

28; escapes, 29.

Lippman, G., his new process in photog-
raphy, X. 133 ; explanation of process,
133-84.

Liston, R., Surgeon, X. 347; dexterity of,

347; finally uses anaesthetic, 347.

Liszt, F., Hungarian composer, II. 442.

Lithography, discovery of, X. 396; descrip-
tion of process, 397; chromo, 398.

Lithuania, rise of, II. 66.

Liverside's analysis of sea water, X. 222;
gold in, 222.

Livia, wife of Augustus, VII. 109-10.

Livingstone, goes to South Africa as mis-

sionary, X. 305; discovers Lake Nyami,
305 ; his four-year journey, 305 ; Zambesi
expedition. 305; death of Mrs. Liv-

ingstone, 306; last expedition, 306; re-

lieved by Stanley, 306; death of, 306;
his explorations, 306.

Livingston, Edw., III. 107.

Livius Andronicus, Roman poet, I. 227.

Livy, historirn, I. 260; "lost books" of,

260.

Lloyd, James, VIII. 124.

Locke, John. IV. 252-62; place of in phi-

losophy, 252-3; his "Human Understand-

ing," 253, 255; birth and education of,

253, character of, 254; in diplomacy,

254-5; his letters on toleration, 255;
death of, 256 ; philosophy of, 256 seq. ;

rejects doctrine of "innate ideas,"

257-8; his theory of reflection, 258-9;

on the question of the existence of God,
260; summing up his philosophy, 261;
his critics, 261 ; system of, 262 ; 278.

Locker-Lampson, F., IX. 109.

Lockvvood, J., with Greeley expedition, X.

314; reach Cape Bryant, 314; plant

American flag, 314; intense suffering,

315; death of, 315.

Lockyer, discovers helium, X. 282.

Locris, Eastern, I. 87; Western, 87.

Lodge, H. C., IX. 474; his writings, 475.

Lodi, battle of, VI. 296-7.

Logan, John A., III. 336.

Logan, Stephen T., VIII. 325.

Lombard League, I. 384, 387.

Lombards, subdue Italy, I. 303-4.

Lombardy, subdued by Charlemagne, VI.

100.

Lome, completes his La Gloire, X. 370.

VOL. 10 29

Lomenie de Brienne, E., archbishop of

Toulouse, V. 368; made minister of

state, 369; a favorite of Marie Antoin-
ette, 369; financial policy of, 370; panic
under, 370; dismissed, 370; political
blunders of, 370-1.

London, the literary center of England,
IX. 18.

London Company, established, III. 9; pros-
pers, 12.

"London Magazine," contributors to, IX.
55; Lamb, 55; Hazlitt, 56; De Quincey,
57.

London Times, established, X. 407.

Long, John D., III. 353.

Long Parliament, II. 129.

Longfellow, H. W., IX. 426; his poetical
works, 427; prose, 429.

Longinus, Greek philosopher, I. 276.

Longstreet, A. B., IX. 463; his writings,
463.

Lookout Mountain, battle at, III. 204.

Lopez, Narciso, filibusterer, III. 199.

Loti, Pierre. See, Viaud, J.

Lotze, Hermann, German philosopher, IX.
304-5.

Loudon, G. E., Austrian field marshal, VI.

241, 243, 244.
Louis I, le Debonnaire, Frankish em-

peror, I. 325.
Louis VII., king of France, I. 349-50.
Louis IX., king of France, I. 353, 373.

Louis XI, of France, VII. 160; youth of,

161; coronation of, 162; his fight with
the clergy, 163; his reign, 165; death of,

172; I. 377.

Louis XII, king of France, I. 377; VII.
189.

Louis XIII, king of France, VII. 287; his

favorites, 289; and Richelieu, 298.

Louis XIV, king of France, II. 104; his

reign, 106; "L'Etat, c'est moi," 109;
his wars of conquest, 114; persecutes
the Huguenots, 117; death of, 124; V.
244; marries Maria Theresa, of Spain,
251; meets Madame de Maintenon, 255;
her power over him, 258; death of, 267.

Louis XV, king of France, II. 230; his

reign, 231; V. 352; four daughters of,

352; death of, 356; VII. 228-9.

Louis XVI, king of France, known pri-

vately as Louis de Bourbon, V. 352;
husband of Marie Antoinette, 354; coro-

nation of, 359; addresses insurrection-

aries in Paris, 372; leaves with queen
Paris, both in disguise, 374 ; buys La-
motte's libel on the queen, 376; re-

proached by the queen, 377; enters as-

sembly with and children, 378; deposed
by assembly, 379; imprisoned in Temple,
380, 382; trial of bcains, 382; con-
demned to death, 382; II. 232; his min-
isters, 232; rebellion, 236; imprisoned,
236; executed, 244.

Louis XVIII, king of France, II. 284; V.

412; his words about Josephine, 412;
VI. 324, 344.

Louis Philippe I, king of France, II. 285.

Louise, Princess, daughter of Queen Vic-

toria, V. 434.

Louisiana, purchase of, III. 105, 107;
VIII. 175, 222.

Louvois, war minister of Louis XIV, II.

116; under de Maintenon's control, V.
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262; bnrng aty Of TTW, 262; ruined
by her, 263; death of, 263.

Louvre Gallery, formed, II. 256.

Lovejoy, E. P., III. 165.

Lover, Samuel, IX. 84.

Lowell, J. R. IX. 429; public career, 430;
his poems, 430-2; as essayist, 432.

Lowestoft, captured by Cromwell, VI. 198.

Loyola, Ignatius, II. 35; organizes So-
ciety of Jesus, 36.

Lubeck, trading town, I. 418.

Lubeck, treaty of, VI. 172.

Lucian, Greek writer, I. 373; his "Dia-
logues of the Gods," 274.

Lucknow, siege of, II. 455.

Lucretius, Roman poet, I. 252; his "De
Rerum Natura," 252.

Lucullus, Roman general, I. 233; serves

in Mithridatic war, 233.

Ludovico, Christina's lover, V. 239.

Luines, counsellor of Louis XIII, VII. 287.

Lundy's Lane, battle at, III. 139.

Luneville, treaty of, VI. 310.

Luther, Martin, II. 21; his struggle with
Leo X, 23; marries, 24; death of, 27;
VII. 197; summoned by Leo X, 198;
diet of Worms, 201 ; outlawed, 202.

Lutzen, battle at, VI. 180; 320.

Luxor, ruins of, I. 35.

Lyceum, founded by Aristotle, IV. 109.

Lyeia, VI. 17.

Lycurgus, I. 97; his institutions, 98.

Lydians, their civilization, I. 72.

Lyell, C., furthers evolution theory, X.

248; "Principles of Geology," 248; re-

futes Cuvier, 248-; leader of Uniformi-

taiians, 262; five years' travel, 262; vis-

its America, 264; explains coal forma-

tion, 267.

Lyon, Matthew. III. 93.

Lysander, Spartan admiral, I. 120.

Lysippus, sculptor, I. 169.

Lytton, Edward, IX. 68; early produc-
tions, 68; novels, 69; activity in politics,

69; his plays, 69; as a critic, 70.

M
Macaulay, T. B., IX. 117; political ca-

reer, 117; his essays, 118; his style, 118;
on Latin literature, I. 251.

Maccabeaus, Judas. See Judas Macca-
beaus; see also Simon Maccabeaus;
Jonathan Maccabeaus.

McCarthy, Justin, aud Spencer, IV. 366;
his writings, IX. 160.

McCarthy's Life of Gladstone, VII. 367.

McClellan, Geo. B., III. 244; becomes
commander of nil the armies, 246; and
Lincoln, 252; VIII. 379; organizes bal-

loon corps, X. 380.
McCHntock expedition, X. 311; ascer-

tains Franklin's fate, 311.

McDonnell. G. M., VIII. 331.

McCormink, C., his harvesting machine,
X. 195; grand medal in England, 195;
his machine used all over the world,
196.

Mcdonald, G., IX. 179; his novels, 179.

Mardonald, Sir John A., III. 413.

Macedonia, people of, I. 123; Philip, 124;
Alexander, 124-31; struggles with Greek

leagues, 136; defeated by Rome, 141;
made Roman province, 142; menaced by
Barbarian tribes, VI. 5.

Macedonian phalanx, I. 124; formation of,
125.

Machedonian wars, I. 219-20.

Machiavelli, Nicolo, VII. 174; first diplo-
matic missions, 174; public life, 176;
writings, 180; his plans, 184.

Machines, boring, punching, shearing, X.
112-3; riveting, planing, milling, stamp-
ing, bending, straightening, forging,
grinding, 113.

Machine-guns, X. 376.

Machinery, effects of, X. 84; power of
steam, 84; benefits of, 85.

Mackau's belief in armored vessels, X. 369.
McKenna, Jos., III. 353.
McKinley, \Vm., elected president, III.

353; his cabinet, 353; his administra-
tion, 354.

McKinley Bill, III. 342.
McKinley expedition, S. Australia, X.

327.

Maclise, D., English painter, II. 444.
Maclure, W., makes geological survey of

U. 8., X. 264; goes to Europe, 264.
MacMahon, elected president of French

republic, II. 332, 352; VI. 378.
McMaster, J. B., historian, IX. 469; his

writings, 470.
"Macmillan's Magazine," IX. 132.

McNaught's high-pressure engine, X. 78.

Macon, N. speaker of the house, III. 109.

Macpherson's "Poems of Ossian," IX. 7.

Macpherson's "Fingal," II. 214.

Macquer, discovers arsenic acid, X. 208.

Madison, James, III. 121; his administra-
tion, 122; VIII. 180; education, 181;
delegate to Virginia convention, 182;
his part in formation of the union, 185;
opposes Hamilton, 191 ; becomes secre-

tary of state, 192; elected president,
193; his administration, 194; retires to

Moutpelier, 195; death of, 195; IX.
394.

Maecenas, aids Virgil, I. 257; VII. 104.

Maestricht, city of, captured by Spaniards,
VII. 279.

Mafia, crimes of, in New Orleans, III. 342.
Magalhaens. See Magellan, Fernando de.

Magazines, American literary, IX. 412;
contributors to, 412-14.

Magellan, Fernando de, II. 11 ; III. 5.

Magenta, battle at, II. 321.

Magi, VII. 36-37; worship of, 37, 41.

Maginn, William, IX. 54.

Magnetic pole, located by Ross, X. 310.

Magnetism, Gilbert's theory of, 206, 207.

Mahan, A. T., IX. 474; his "Influence of

Sea Power," 474.
Mahomet. See Mohammed.
Mahmond II. sultan II. 391.
Mahratta empire, II. 450-1.
Mahratta war. VI. 331.

Maimonides, philosopher, I. 437.
"Main Currents of 19th Century Lit-

erature," G. Brandes, IX. 347.

Maine. H. 8., IX. 153; his "Ancient
Law," 154.

"Maine," destruction of the, III. 358; X.
374.

Maintenon, Mme. de, V. 244; her father,

244; meets Scarron, 248; marries him,
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249; her personal appearance, 250; be-
comes governess to king's children, 254;
her power over him, 258; St. Simon's
memoirs, 259; Edict of Nantes revoked,
264 ; death of, 267.

Malay race, home of, I. 5-6.

Malcolm, king of Scotland, VI. 128, 129.

Mallina, villa of Leo X, VII. 205.

Mallock, W. H., IX. 175; writings, 175.

Malot, Hector, French writer, IX. 264.

Malta, capitulation of, VI. 303-4.
"Malthus on Population," influence of on

Darwin. X. 251.

Man, antiquity of, X. 288; first appear-
ance on earth, 294; geological evidence,
295; paleolithic age, 295; neolithic age,

295; primitive, 296; care for offspring,
296.

Man-of-war, evolution of, 366; early
galleys, 367; sailing ships, 368; iron

ships, 369; "Merrimac," 370; "Mon-
itor," 371; establishment of iron-clad,
371.

Manassas, battle at, VI. 475; second bat-
tle at, 490.

Manasseh, king of Judah, carried off to

Babylon, I. 59.

Manchester, B., earl of, VI. 203; impeach-
ment of, 204.

Manchester and Cromwell, VI. 203.
Manchester ship canal, II. 432.

Manchooa, conquer China, I. 12.

Mancinus, Roman general, V. 43.

Manetho, Egyptian priest, I. 26.

Manhattan Life building, dimensions of,
X. 75-6.

Manila, battle at. III. 370.

Mankind, psychical unity of, X. 302.
Manlius Torquatus, I. 207; defeats Latins,

207.

Manning, Cardinal, and Gladstone, VII.
360.

Manning, Daniel, III. 337.

Manteuffel, E. von, German general, VI.
376.

Mantua, siege of, VI. 297, 299.

Manu, Hindoo law-giver, I. 18.

Manual training, X. 338; statistics of,

338; in U. S., 338.

Manzoni, Allesandro, Italian author, IX.

376-7; his school in literature, 376; his

"Promessi Sposi," 376-7.

Marat, J., French revolutionist, V. 381;
plans and executes massacres, 381.

Marathon, battle at, I. 74, 83; importance
of, 83; description of, 107; result of,

107; VII. 43, 48.

Marco Polo. See Polo.
Marconi's system, X. 53; apparatus, de-

scription of, 53.

Mardonius, Persian general, I. 74, 106;
defeated at Plataea, 111; VII. 56.

Marenso, battle at, II. 255, VI. 310.

Margaret of Anjou, I. 381; flees to Scot-

land, 381.

Margaret of Parma, VII. 256; 259, 261.

Marggraf's discovery, X. 208.

Maria Christina, queen regent of Spain,
II. 387.

Maria Theresa, empress of Germany, V.

285; early studies, 288; marries Duke
of Lorraine, 291; ascends throne, 292;
appeals to Hungarian parliament, 293;
victory of, 295; habits of, 299; writes to

Pompadour, 300; seven years war, 301;
defeats of, 303; peace made, 308; her
reign, 310; partition of Poland, 316;
death of, 318; 349; many daughters of,

349-50; wars of, 350-1; influenced by
Vermond, 351 ; angry with Marie
Antoinette, 355; II. 182.

Maria Theresa of Spain, marries Louis
XIV, V. 251; death of, 256.

Marie Antoinette, queen of France, V.

348-88; romantic life of, 348-9; educa-
tion of, 350; affianced to crown prince
of France, 351 ; arrival of in Paris,

353; coronation of, 359; gave birth to

a son, 359 ; description of, 360-1 ; gives
audience to Lafayette, 361 ; miserable
life of in France, 354-62; gives birth

to a second son, 363; "Story of the
Diamond Necklace," 364-8; no sym-
pathy with American revolution, 369;
traits of her character, 372; attacked

by a mob, 373; attempts to escape, 373;
hates Lafayette, 373-4; detested by the

nation, 376; allies herself with Bar-
nave and constitutionalists, 376; ter-

rible time for, 377-87; loses her money,
378; spends a year in Temple, 380; her

agony, 383; must give up her boy, 384;
imprisoned in Conciergerie, 385; her
mock trial, 385-6; sentenced to death,

386; nicknamed Widow Capet, 383, 387;
guillotined, 387; good wife and mother,
387; and Franklin, VIII. 71; II. 233;
imprisoned, 241.

Marie Louise, second wife of Napoleon,
V. 411; jealous of Josephine, 411; is

cold and phlegmatic, 411.

Mariette Bey, Egyptologist, I. 29.

Marignano, battle at, VII. 219.

Marion, Francis, in American Revolution,
III. 63.

Maritime law, I. 423.

Marius, Eoman general, I. 193; defeats

Jugurtha, 231 ; saves Roman empire,

232; exiled by Sulla, 233; recalled,

234; VI. 64-5.

Marix, Adolph, III. 359.

Mark Antony. See Antonius.

Marlborough, at Blenheim, II. 122.

Marmont, A., French general, VI. 323.

Marryat, Frederick, IX. 81; enters navy,

81; his novels, 82.

Marseilles, city of, founded, I. 94.

March, develops American palentology, X.

271; his excavations, 271.

Marshall, John, III. 98; appointed chief

justice, VIII. 125.

Marsic War, I. 232; duration of, 232; end
of, 233.

Mars-la-Tour, battle of, VI. 379.

Marston Moor, battle of, VI. 199-201.

Martel, Charles. See Charles Martel.

Martial, Roman poet, I. 262; his epigrams,
262.

Martin, Thos., tutors Madison, VIII. 181.

Marx, Karl, founder of modem German
socialism, IX. 338; his "Capital," 338;
leader of the International society, 338;
theories of, 338-9; IV. 330.

Mary, Queen of England, V. 203; marries

Philip II. of Spain, 203; and Elizabeth,
204; death of, 205.

Mary, "Bloody Mary," of England, VI.
192,
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Mary of Hungary, regent of the Nether- |

lands, VII. 252-3.

Mary, Queen of Scots, V. 208; in prison,
208; Parliament applies fur trial of,

209; and Elizabeth, 214; entrapped,
215; trial of, 210; execution of, 218;
II. 58.

Maryland, colony of, III. 25.

Masham, Lady Damans, IV. 255, 256.

Masinissa, king of Numidia, I. 221.

Mason, James S., III. 190.

Mason, John, founds colony, III. 19.

Mason and Dixon Line, III. 26.

Mason-Slidell affair, III. 257.
Massachusetts Bay Company, incorporated,

III. 17.

Massachusetts Constitutional Convention,
VIII. 208.

Massagetae, Scythian people, I. 72.

Massena, A., French general, VI. 300, 310.
Massilia. See Marseilles.

Massin, Caroline, married to Comte, IV.,
348.

Matanzas, batt! at, III. 369.

Matches, "oxymariate," invented by
Chancel, X. 110-7; earlier method, 117;
present day match (Walker), 117;
phosphorus match, first patent in U. S.,

117.

Materialism, IV. 242-3, 277-8.

Mather, Cotton, his "Magnalia," IX. 303.

Matilda, \rife of emperor Henry V, I.

3C1.

Matilda, countess of Tuscany, VII. 152.

Matter, properties of, X. 233.
Miittliews' theory- of origin of specie.--, X.

252; Darwin's view of it. 252.

Maupassant, de, Guy, French writer, short
stories of. IX. 202.

Maurepas, J. F. de, statesman, V. 302.

Maurice. F. D., IX. 125; his "History of

Moral Philosophy," 125.
Maurice of Nassau. See Nassau.

Maurice, prince of Saxony, VII. 230; and
Charles V. 230; death of, 242.

Maury, J:unes, VIII. l.'iO.

Mauser bullet, X. 384 ; wound made by,
385.

Mausoleum, erected, I. 343.

Maxim, H., his flying-machine, X. 40;
his gun, 376.

Maximilian of Austria, invades Mexico,
II. 326.

Maximilian of P.avaria, VI. 173.

Maximiiius, C., Roman emperor, I. 27.".

Maxwell, J., his kinetic theory of ra-es,

X. 232; his paper before the Hriti-h

Association, 232.

Mayflower, readies America. III. 10.

Maynooth grant, II. 409.
Maxarin Uible, II. 15.

Maziirin, Cardinal, XIV, II. 107.

Maxxini, Garibaldi's war ve-se], VI. 3SS.

Maxzini, GnUseppc, II. 303.

Mecca, VII. 128; the Kaba of, 128;
Mejrara, state in Greece, makes alliance

Mahomet, 142.

Medes, identity with Persians, I. HI,

GO; both belong to the Aryan race, (JO;

early migrations, (JO; conquer Scythi-
ans. 00; characteristics, 69-70; con-

quered by Persians, 70.

Mr-flia. VI. 32-33.
Medirean Library, I. 390.

Medici, Cosmo de, I. 300; Lorenzo de, 391.

Meclici, Giovanno de. See Leo X.
Medici, Giuliano de, VII. 180.

Medici, Giulio de, VII. 202.

Medici, Mary de, VII. 286; and Rich-
elieu, 287, 297; banished, 298; death
of, 302.

Medici, Piero de, VII. 189.

Medicine, among the ancients, X. 342;
at beginning of century, 343-5; inven-
tions and discoveries, 345-56; anaes-

thetics, 347; surgery, 352; bacteriology,
354 ; dentistry, 357 ; medical hygiene,
300-2; dietetics, 362; vaccination, 362;
hospitals, 364.

Medina, VII. 135, 136; conditions in at
the arrival of Mahomet, 137; attacked
by the Koraish, 140-1.

Medusa, distance of, from sun, X. 277.

Megara, state in Greece, makes alliance
with Athens, VII. 67-8.

Megaric school, IV. 101.
Meistl's press, description of, X. 412-13.
Meissenbach's photo-engraving process, X-

400.

Meissonier, J. , French painter, II. 442.

Melas, M.
, Austrian general, VI. 310.

Melbourne, W., first prime minister und<
Victoria, V. 41:0-. II. 291.

Melville, Geo. W., III. 3-vi.

Memnon, Persian naval commander, Vf-
20.

Memphis, capital of lower Egypt, V-
27, 28.

Mena. See Menes.
Menander, Greek dramatist, I. 162.

Mendelssohn, Felix, German composer, '
I.

440; his "Songs without Words," aufl

"Elijah," 440.

Mendoza, cardinal, prime minister of Isa-

bella, V. 130; death of, 159.

Menes. king of Egypt, I. 30; found*
Memphis, X. 288; diverts Nile from it

channel, 289.

Menelik, emperor of Abyssinia, II. 32.""

482.

Menken, Louise Wilhelmina, VII. 403.

Mentana, battle at, VI. 401.

Menxikoff, and Peter the Great, VII. 317
Meredith, G., IX. 186; his novels, 186.

Meredith, O., IX. 100; his "Lucile," 109.

Mergeuthaler, O., invents linotype, 402.

Merimee, Prosper, French novelist, iy-
248-0; style of, 249.

Merino sheep, imported to U. S., X. 101;
enormous industry of in U. S., 190.

Merivale, Chas., IX. 113; his "Roman
History," 113.

Merodach-Baladan, king of Babylonia
I. 49.

Merovingians, I. 208.

"Merrimae," Confederate cruiser, X. 370;
description of, 370; battle with "Moni-
tor," 370; withdraws, 371; III. 2(>0.

"Merrimae," sunk by Hobson, III. 374.

Merritt, Edwin A., III. 331.

Merritt, Wesley, sent to the Philippines
III. 871.

Metals, precious, mining of, X. 1726;
baser metals, 177-8.

Metaurus. battle of, VI. 57-8.

Meteorology, X. 203-5; services of l<>

mariners, 203.

Methven, battle of, VI. 150.

Metternich, prince, Austrian statesman
political system of, IX. 311; II. 278.
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Metz, besieged by Charles V, VII. 242.

Mi.tz, surrender of, VI. 380.
Mexican War, III. 173; capture of Vera

Crux, 175; City of Mexico taken, 170;
end of, 177.

Mexico, area and popr.lation of, III. 300;
Spanish occupation of, 393; independ-
ence gained, 401 ; Maximilian's invasion,
402.

Mexico City, capture of, III. 176.

Meyer, J., accepts Joule's theory, X. 229.

Meyerbeer, G., German composer, II. 439;
his "Huguenots," 439.

Michael Angelo, II. 84; his work, 85, 89.

Michaehvitz, Alexis, VII. 310.

Miehaelwitz, Sophia, VII. 310.

Michaelwitz, Theodore, VII. 310.

Michaux's bicycle, X. 27.

Mk-helet, Jules, French historian, IX.
239-40; his "History of France," 239.

Miekiewicz, Adam, Polish poet. IX. 369.
Middle Ages, I. 408; decay of learning in,

409-13 ; monasticism, 413 ; commerce,
418; religion, 424; manners and cus-

toms, 426; architecture, 428; political

conditions, 429; education, 431; learn-

ing, 435 ; painting, 441 ; history of, I.

294 ; brief summary of, 295 ; periods
of, 295-6; achievements of, 296; peoples
and languages of, 299-300.

Milan Decree, Napoleon's, III. 118.

Milazzo, battle at, VI. 395.

Miles, Nelson A., in Spanish-American
War, III. 379.

Miletus, captured by Alexander, VI. 16.

Military tribunes, I. 200.

Militiades, Athenian general, I. 107; vic-

tor at Marathon, 107; death of, 107.

Milit*, von, and Fichte, IV. 313.

Millais, J. E., English painter, II. 444.

Miller, J., IX. 488; his writings, 488.

Miller's measuring machine, X. 234.
Millet's painting machine, description of,

X. 238; use of, 238.

Mills' Tariff Bill, III. 339.

Milmaa, H. H., IX. 116; his "History of

the Jews," 116.

Milton, John, II. 156.

Mines, submarine, X. 374; destructive-

ness of, 374.

Miio, Greek athlete, I. 144.

Mining and metallurgy, X. 158-181 ; men-
tioned in Genesis, 158; enormous in-

crease, 158; statistics of, 158.

Mirabean, in the French Revolution, II.

238; consultation of with Marie An-
toinette, V. 373; dies, 374; his eulogy
of Franklin, VIII. 80.

Miranda, Francesco, III. 396; his plans,

390; proclaims republics in Colombia
and Venezuela, 397.

Miranda Plot, III. 95.

Mississippi levees, X. 75.

Missouri, admission of, VIII. 225, 280.

Missouri compromise, VIII. 226, 279; III.

184.

Mitchell, D. G., IX. 478; his writings,
478.

Mitchell, S. W., IX. 502; his writings,
502.

Mithra-worship, VII. 40-1.

Mithrenes, governor of Sardes, VI. 15.

Mithridates, king of Pontus, I. 233; wars
with Rome, 233; defeat and death of,

233.

Mithridatic Wars, I. 233.

Mitscherlich, discovers laws of isomorph-
ism and diomorphism, X. 212.

Mitylene, chief city of Lesbos, VI. 20.

Moab of Scripture, V. 9; princes of, called
to Holofernes, 9.

Moawiyab. I, caliph, cursed by Ayesha, V.
86.

Modoc Indians, uprising of, III. 295.

Moffett, Geo., VIII. 143.

Mogul Empire, I. 18; English embassy
to, 18.

Moguls, II. 449; decline of, 450.

Mohacz, battle at, VII. 226.

Mohammed, founder of Islam, I. 310-12;
takes Mecca, 311; successors of, 312;
birth of, V. 74; his asceticism, 74-5;
expedition against the Mostalek, 75;
poisoned by a Jewess, 78; death of, 79;
buried in Ayesha's apartments, 80;
VII. 127-48; birth of, 129; marries

Kadijah, 129; travels of, 129; with-
draws to Hira, 130; visions of, 130-31;
revelations, 131; his system, 132-4; be-

gins preaching, 134 ; family and youth of,

129; visions of, 130-1; conveits of, 132;
creed of, 132; Paradise of, 133; hia

labor in Mecca, 134; flight of, (Hexira),

136; high office of, 137; in Medina, 137;
his career of conquest, 138-9; his war
on Jews, 139-40; his capture of Mecca,
142; rules Arabia, 143; his defeat in

Palestine, 144; death of, 145; descrip-
tion of, 146-7; opinions of his charac-

ter, 147; religious ideas of, 148; I. 310-

12; captures Mecca, 311; successors of,

312.

Mohammedanism, statistics of, V. 74;
teachings of, VII. 132-34.

Moissau, isolates fluorine, X. 221.

Moliere, II. 154.

Mollwitz, battle of, VI. 227.

Moltke, H. von, Prussian general, VI. 373-
81 ; in military school at Copenhagen,
373-4; enters Prussian army, 374; in
Turkish service, 'o75; marriage of, 375;
chief of Prussian general staff, 376; in
the French-German \Var, 378-80; death
of, 381; writings of, 381; II. 337; be-

fore Paris, 338.

Monmouth, battle at, VIII. 25.

Mommsen, Theodor, scientific career of,

IX. 335; his "Roman History," 3:15;

quoted, I. 137.

Monarchy in France suspended, V. 374.

Monarchy, power of, in the Middle Ages,
I. 429.

Monasticism, hostile to literary culture,
I. 409.

Money order, introduced into England, X.
44; in U. S., 44; statistics of, 44.

Mongolian race, subdivisions of, I. 5.

"Monitor," description of, X. 371; battle

with "Merrimac," 371; III. 259.

Monroe, James, III. 141
;
his administra-

tion, 142; VIII. 214-31; the "Monroe
Doctrine," 214-5; in the Revolutionary
War, 215-6; public career of, 216 seq. ;

marriage of, 217; elected U. S. Sena-

tor, 217-8; ambassador at Paris, 218-20;
elected governor of Virginia, 221, 223;
description of, 221-2; reappointed to

France, 222; is secretary of state. 223;
elected President, 224, 226; his cabinet,

224; his relation to slavery, 225-6; and
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Lafayette, 228; retires from public life,

229; character of, 229; death of, 230.
Monroe doctrine, III. 146; VIII. 214-B,

226-7.

MonRtrelet, E., French chronicler, de-
scribes Joan of Arc, V. 95.

Montagu, Basil, English writer, IV. 204.
Montaigne, Michel de, II. 77.

Monteil, African explurer, X. 307.
Monterey, capture of, III. 175.

Montespan, Madame de, V. 252; cares
for Madame Scarron, 253.

Montesquieu, II. 208.

Monteverde, Domingo, II. 397.

Montfort, Simon, Earl of Leicester, I.

366; governs England in the name of
the king, 3G<3; war on heretics, 338.

Montgolfier, Brothers, their fire balloon,
X. 39.

Montgomery, R., in the Quebec expedi-
tion, III. 55.

Monti, Vincenzo, Italian poet, his "Bass-
villiana," IX. 373; influence of, on
Italian poetry, 374.

Monticella, Jefferson's estate, VIII. 149.

Montigny, Florence, ambassador to Spain,
VII. 261-2.

Montmorency, French general, VII, 229.

Montpelier, Madison's estate, VIII. 181.

Montpelier, France, I. 422.

Moore, John, British general, VI. 334.
Moore, Thomas, IX. 32; early writings,

33; "Lalla Rookh," 33; pecuniary diffi-

culties, 34; death of, 34.
Moors. See Saracens.
Moors in Spain, war on begun, V. 147;

treatment of in Malaga, 14950; end of

their rule, 151; expulsion of, 153;
Ximenes' treatment of, 164-5; edict of

Seville. 164.

Morat, battle at, I. 387.

Moreau, J., French general, VI. 309, 310,
312.

Moreri, L. , his Dictionary, V. 7; on the
Book of Judith. 7.

Morgarten, battle at, I. 386.

Mormons, prejudice against, III. 228.
Morocco, II. 484.

Morley, J., IX. 147; his writings, 147.

MorrUl, Senator, congressional career of,

III. 286.
Morrill tariff bill, III. 271.

Morris, George, P., American poet, IX.
413.

Morris, Lewis, IX. 165; his poems, 165.

Morris, Robert, VIII. 200; in the consti-
tutional convention, III. 70.

Morris. William, IX. 163; early poems,
164; his "Sigurd," 164.

Morro Cagtle, III. 375.
Morse, F. R., his telegraph, X. 47;

repeated failures of, 48; sends first

message, 49.

Morse, J. T.. VIII. 17G.

Mortier, E., French general, VI. 323.
Morton, Levi P., elected vice-president,

III. 340.

Morton, VV., uses ether as anaesthetic, X.
346.

Moscow, burning of. VI. 319.
Moses, VII. 1-12; accounts of life, 1;

Josephus' narrative, 1-3; marriage of,

3; organizes his people, (!; builds tahcr-
narle, 7-8; effects a military organiza-
tion, 8; defeats king Sihon, 9; takes

census of the people, 10; farewell of.

10; his code of laws, 10; death of,

10-11; historical criticism of, 11; char-
acter of, 11-12.

Moslems, war of, with the Koraish, VII.
138-9, 140.

Motion, Spencer's theory of, IV. 376.
Motley, John Lothrop, and Bismarck,

VII. 408; IX. 449; his "Dutch Repub-
lic," 450; public career, 451; as a his-

torian, 451.

Motor-cycle. See Automobile.
Moubray, Philip de, English commander,

VI. 156.
Mouud -builders, 298; their mounds, 29^;

Serpent Mound, 298; description of,

298; "effigy mounds," 299.
Mount Tabor, battle of, VI. 305.
Mt. Vernon, built, VIII. 7.

Mowing and reaping machines, X. 195-6;
made perfect by McCormick, 195.

Moyat, E., produces artificial diamonds,
X. 220.

Mozart, J. W., II. 200.

Mugwumps, III. 337.

Muhlberg, battle at, VII. 237.

Muhlenbergr, Frederick A., III. 83.
Mule spinning machine, modern, X. 91.

Muller, Friedrich Max, IX. 3U9.

Muller, Wilhelm, German poet, IX.
308-9; his "Songs of the Greeks," 309.

Muloch, D. M., IX. 92.

Mulready, W., English painter, II. 444.

Munch, Andreas, Norwegian poet, IX.
350.

Munda, battle of, 89.

Murat, marshal of France, II. 258.

iMuravieff, Gen., II. 398.

Murchison, geologist, X. 263; his "Sil-
urian System," 263; dispute with Sedg-
wiek, 263.

Murficesboro, battle at, III. 255.

Murger, Henry, French writer, IX. 257.

Murillo, II. 165.

Murten. See Morat.
Muse, teaches Washington military tac-

tics, VIII. 8.

Music, Greek, I. 171; contests, 171.

Musset, de, Alfred. IX. 224. 225-C; rela-

tion of to George Sand, 226; his "Les
nuits," 226.

Musters, traverses Patagonia, X. 326.
Mycale, naval battle at, I. 111.

Myopia, cure of, X. 357.

Myron, sculptor, I. 169; his "Discobolus,"
109.

Myriandrus, VI. 21.

N
Naarden, city of, Spanish horrors at,

VII. 269-70.

Nabarzanes, Persian commander, VI. 33.

Nabodanius, king of Babylonia, defeated
by Cyrus, I. 54.

Nabopolassar, Assyrian king, founds the
later Babylonian Empire, I. 51, 83;
joins the Medes, 53.

Naevius, C.
,
Roman pact, I. 227.

Nansen, F., expedition of, X. 317; at-

tempts sledge journey northward, 317;
terrible sufferings of, rescued by Jack-
son-IIarmsworth expedition, .'U8.

Naples, republic proclaimed iii, VI. 275.
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Napoleon Bonaparte, V. 389; sketch of,

395; marries Josephine, 397; his letters

to Josephine, 397-9; leaves Josephine
nt Milan, 399; wants a divorce, 399;
wants to be emperor, 400; moves into

palace of Luxembourg, 400; made em-
peror, 403-4; very economic, 406; is

divorced, 408; treats her well after

reconciliation, 410; gives Josephine
money and presents, 410; visits Jose-

phine's grave, 414 ; becomes first con-

sul, II. 255; crowned emperor, 258;
supreme in Europe, 263; sent to Elba,
269; escapes, 269; final overthrow, 269;
VI. 286-326; family of, 287-8; enters

military school, 288; military career of,

290 seq. ; made commander of the army
of the Interior, 29 ; his Italian cam-
paign, 294 seq. ; defeats Austrians,
290-9; defeats Papal troops, 299; his

campaign into Austria, 300; his treaty
with Austria, 301 ; his expedition to

Egypt, 303-5, 306; to Syria, 305; back
in France, 306; named consul, 308,
309; crossing the Alps, 310; conspira-
tions against, 312; crowned emperor,
313; enters Berlin, 315; sendi armies
into Spain and Portugal, 316-7; defeats
the Austrians. 317; matrimonial affairs

of, 318; Russian campaign, 31'i, 318-9;
last campaign of, 320 seq. ; his battles
with Blucher, 322; abdication of, 324;
his departure to Elba, 324; return to

France, 324; at Waterloo, 325; trans-

ported to St. Helena, 326; death of,
326.

Napoleon III, emperor of France, II.

299; and Italian unity, 316; in Franco-
German War, 326; imprisoned, 338;
VI. 378.

Napoleonic Wars, II. 252; with Great
Britain, 259; Austerlitz campaign, 261;
Waterloo, 209.

Narbonne, commercial city, I. 421.

Narses, Byzantine general, defeats the
Goths, VII. 122.

Narva, battle at, VII. 319.

Naseby, battle of, VI. 206-7.

Nasmyth's forge hammer, X. 80-81.

Nassau. Louis of, VII. 269, 272.

Nassau, Maurire of, II. 49; wars of, 49.
"Nathan der Weise," IX. 12.

National Bank, chartered, III. 77.
National banking system, VIII. 378.
National bankruptcy law, passed, III. 3S5.
National debt, U. S., III. 70; paid off,

161.
National Greenback party. III. 302.
National Republican party, VIII. 284.
"National Review," founded, IX. 142.
Natural gas, X. 122 ; development of,

179.

Naturalization act, III. 90.

Naval personnel bill, III. 384.

Navigation laws, repeal of, II. 413.

Neale, Julia, VI. 468.

Nearchus, philosopher, VII. 82.

Nebraska bill, III. 208.

Nebuchadnezzar, king of Babylonia, I. 53 ;

rebuilds Babylon, 53; carries tiie Jews
in captivity, 54, 59. See also Nebuchod-
onasor.

Nebuchodonasor, Assyrian Xing, V. 3;
defeats Arphaxad, 8; sends out Holo-
fernes, 9.

Nebular hypothesis, X, 246.

Necho, Egyptian king, I. 32; builds fleet,

32; his canal, 32; defeats Josiah, 32,

59; has Africa circumnavigated, 32;
attacks Gyrene, 32; dethroned, 33.

Necfcer, minister of France, II. 233.

Needles, old and new mode of making,
X. 96-8.

Negro emancipation bill, passed, II. 291.

Negro race, home of, I. 5.

Nelson, Horatio, British admiral, VI.

267-85; birth of, 267; youth of, 268-9;

marriage of, 269; in the Mediterranean,
269-70; and Lady Hamilton, 270. 275,

280; career of, 271 sea.; enters Naples,
275; returns to England, 276; at Copen-
hagen, 277; private journal of, 278.

280-1; last battle of, 282-5; victory at

Trafalgar, X. 368.

Nemean games, I. 155.

Neo-Platonists, IV. 149.

Neptune, discovery of, X. 3, 275; cal-

culated, 276.

Neptunists, their theory, X. 259.

Neriglassar, king of Babylonia, slain,

I. 54.

Nero, emperor of Rome, I. 269.

Nerva, emperor of Rome, I. 271.

Nerval, Gerard, French poet, IX. 226.

Nerves, medical treatment of, X. 351.

Netherlands, in the sixteenth century, II.

41; Philip II, 43; revolt of, 45; repub-
lic formed, 48; growth of, 49; prog-
ress of, VII. 251 seq. ; growth of cities

in, 252; religion in, 252; persecution in,

252-3; new bishoprics in, 256; inquisi-

tion in, 257; rising against inquisition,

260, 261 ; war breaks out, 264 ; inun-
dation of, 266; states-general of con-

vene at Ghent, 275, 270.

New Haven Colony, founded. III. 20.

New Orleans, taken by Farragut, III. 254.

New Orleans, battle at. III. 139.

New Orleans Cotton Exposition, III. 335.

taken by crusaders, I. 344, 352.

New South Wales, sheep farming in, II.

487.
New York authors, IX. 456; Taylor, 457;

Stoddard, 458; Holland, 459.

New York Custom House, scandals con-

nected with, III. 325.

New Zealand, discovery of, II. 490; colony
established in, 490.

Newfoundland, fisheries, III. 412; popula-
tion of, 418.

Newman, J. H., IX. 123; his "Tracts,"
123; leader of Oxford movement, 22.

Newton, H. A., demonstrates connection
of comets and meteors. X. 279.

Newton, Isaac, II. 160; on electricity, X.
138.

Newspapers, development of, X. 404 ;

early, 405-6; English, 406; American,
407.

Newspapers, American, IX. 395; growth
of, 395-6.

Ney, M., French general, VI. 312, 314.

X^'ani Lake, discovered, X. 305.

Niagara Falls utilized for transmission,
X. 146-7; how many horse power, 147;
how water is conducted, 148-9; size of

turbines, 149; future expectation, 150-1.

"Niagara," U. S. frigate, lays first cable,
X. 55.

Nibeluugen Lied, I. 440.
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Nicaea, founded by Alexander, VI. 41;
taken by crusaders, I. 344, 352.

Niccolini, Giambattista, Italian poet and
dramatist, IX. 374 5.

Nice, attacked by Crusaders, I. 344.

Nicholas I, pope, I. 335.

Nicholas V, pope, founds Vatican Library,
II. 69.

Nicholas II, czar of Russia, II. 401.

Nicias, Athenian statesman, I. 118;
makes peace with Sparta, 118; defeated,

119; killed, 120.

Nicias, Greek painter, I. 171.

Nicola's letter to Washington, VIII. 29.

Nicomachus, son of Aristotle, IV. 111.

Nicbuhr, Barthold, Georg, historian, IX.

331-2; ambassador at Rome, his "His-

tory of Rome," 331-2.

Niembsch von Strehlen:m, N. See Lena-i.

Niepce, J., inventor of photography, X.

131 ; collaborates with Daguerre, 132.

Niffur. See Nippur.
Nightingale, Florence, in the Crimean
War, II. 366.

Nihilism, IX. 364.

Nikaia, Asia Minor. See Nice.

Nikkessin, Lucretia, married to Wallen-

stein, VI. 162.

Nile, river, diverted from its channel, X.

289; borings in valley of, 289.

Nile, Upper, explored, X. 306; Burton
and Speke, 300; Grant and Baker, 30G;
outlet at Ripon Falls discovered, 306;
Gordon Pasha. 307; Stanley, 307.

Nile valley, fertility of, I. 23.

Nimes, commercial city, I. 421.

Nineteenth century, progress of, X. 1.

Nineveh, I. 48; ruins of, 51.

Ninus, king of Assyria, I. 48.

Nippur, oldest city in world, X. 292;
University of Pennsylvania expedition,

292; excavations of, 293; civilization of,

203.
Niruana. See Nirvana-

Nirvana, doctrine of, IV. 22-4.

Nisan, first month of the Jewish year,
VII. 5.

Nismes. See Nimes.
Nitocris, queen of Egypt, I. 30.

No Ammon. See Thebes.

Nehemiah, of Scripture, rebuilds Jer-

usalem, I. CO.

Nitre-glycerine, X. 377 ; manufactured
with safety, 377 ; dynamite produced
from it, 377.

Nobel, A., experiments with nitre-glycer-

ine, X. 377; invents dynamite, ,'!78.

Noble, John W., Secretary of the In-

terior, III. 341.
Normal schools, X. 332; first in U. S.,

r',,'!2; statistics of. ,'!:''!; success of, .'13:!.

Norman conquest of England, I. 1!95.

Normans. See Northmen.
Normandy, struggle among the Barons

about, VI. 112; strong position of,

122; revolt in against William, 130 1.

Norfolk, rebellion of, V. 208; suppressed,
208; set free, 20H.

North America, countries of. III. 390.
"North American Review," established,

IX. 419.

North, prime minister, receives news of

Yorktown, VIII. 70.

Northern Pacific, attempt to build, III.

289.

Northmen, conquests of in England and
France, I. 329-32; in Apulia and
Sicily, 328; character of, 358-9; influ-

ence of on literature and language of

England, 360-1.

North Sea canal, X. 74-75.

Northwest Boundary, settlement of, III.

411.

Norton, C. E. S., IX. 105.

Norwegian literature, IX. 349-52.

Norwegians, 1. 318; descend on France,
Scotland, and Ireland, 329.

Novalis. See Hardenberg.
Notizie Scritte, first Italian newspaper,

X. 405.

Novara, battle at, VII. 190.

Novel, development of, IX. 8.

Novel, French, history of, IX. 227.
"Novum Organum," Bacon's, IV. 208,

211, 212, 216.

Nullification, VIII. 247-8.
Nullification Act, South Carolina's, III.

158.
Nullifiers in South Carolina, VIII. 246-7.

Numidia, becomes Roman province, I. 231.

Nunez, R. , his dealings with F. Hen-
riquez, V. 142 ; Isabella's decision, 143.

Nuremberg Gazette, X. 405.

Nuremburg, siege of, VI. 176.

Nyassa, Lake, discovered, X. 305.

Obelisks, Egyptian, I. 36.

O'Brien, William Smith, Irish politician,
II. 411.

Occam, William, English philosopher, IV.
186.

Occupations, Greek, I. 172.

"Oceanic," steamer, dimensions of, X. 37.

Ochus, king of Persia, V. 5.

O'Connell, Daniel, II. 409; death of,

411; V. 434; and Disraeli, VII. 331.

O'Connor, Feargus, Chartist leader, II.

412.

Octavia, Antony's wife. V. 65.

Oetavius, aims at Caesar's power, I. 248;
"second triumvirate," 248; defeats An-
tony, 249

;
consolidates Roman Empire,

250; becomes Imperator, 251; his ad-
ministration of the empire, 254;
"Augustan age," 257-04; destruction of
Varus' legions. 206; death of, 206.

Octavius. See Augustus.
Oehlenschlager, Adam, influenced by H.

StefTens, IX. 343; works of. 343-4.

Oersted, If. C., his discovery of relation
between electricity and magnetism, X.
140-1.

Oglethorpe, James, III. 20.

Ohio, slavery cases in, VIII. 373-4.
Oil pools, discovery of, X. 122; how many

gallons flowed. 178-9.

Olaf, king of Norway. I. 332.
Olbers discovers Pallas, X. 277.

Oleomargarine, production of, X. 215;
boon to poorer classes, 216; in D. 8.,
210.

Oliver, lieutenant-governor of Massachu-
setts, VIII. O.'i.

"Oliver Oldschool, Esq." See Deonie,
Joseph.

Olmutz, treaty of, VII, 407.



INDEX xli

Olney, Richard, Secretary of State, III.

347.

Olympiads, origin of, I. 101.

Olympias, mother of Alexander the Great,
VI. 4.

Olympic games, I. 155.

Olynthiac orations, I. 125.
Omaha exposition, III. 353.

Omar, caliph, V. 79; his conquests, 81;
burning of the Alexandria library, 81 ;

assassinated, 81 ; buried with Moham-
med, 81.

Omares, Persian general, VI. 13, 14-15.

Omnibus Bill, III. 196.

O'Neil, Peggy, III. 154; VIII. 244.

Ongaro, Francesco, Italian writer, IX.
380.

ophthalmoscope, 357; myopia, cure of,

ophthalmoscope, 357 ; myopia, cure of,

357; artificial eyes, 357.

Ophthalmoscope, destruction of, X. 357.

Oracles, Greek, I. 153, at Delphi, 154.

Orange Free State, II. 483.

Orange, William of, VII. 251-83; family
of, 253, 254; early life of, 254, 255;
appointed general in the Netherlands,
255; marriage of, 258; leaves Antwerp,
263; makes war upon Philip II, 264
seq. ; victories of, 268; quits Catholicism,
271 ; made sovereign, 274 ; leading man
in the Netherlands, 277, 278; his proj-
ect of a new union, 279; placed under
ban, 280; attempt on life of, 280-1;
assassination of, 281 ; short sketch of,

282-3; II. 45; assassinated, 48.

Oratory, Greek, I. 163.

Orders, religious, in the Middle Ages, I.

414-5.

Ordinance of 1787, III. 68.

Ill; and Stamp Act III. 43.

Ordnance, naval, test of, X. 375; army,
376; machine guns, 376; description of,
376.

Oregon question, III. 172.

Oregon, cruise of the, III. 363.

O'Reilly, J. B., poet, IX. 495.
Orinoco, valley of, mapped by Humboldt,

X. 326.

Orleans, city in France, besieged by the
English, V. 91.

Orloff, conspires against Peter III, V.
330; escapes with Catherine, 331; quar-
rels with her, 342.

Orloff diamond, description of, V. 343;
cost, 343.

Ormuzd, Magian deity, I. 70, 77; VII.
39-40.

Osiris, Egyptian deity, I. 38.
Ostend Manifesto, III. 219.

Ostracism, origin of, I. 105; working of,

105; VII. 47.

Ostrogoths, I. 282; submission, of, to
Huns, 283.

Othman, caliph, killed, V. 81.

Othman, Turkish ruler, II. 7.

Otho, emperor of Rome, I. 269; rebellion

against, 270; suicide of, 270.
Otis, Elwell 8., in the Philippines, III.

385.

Otis, James, VIII. 109; and John Adams,
111; and Stamp Act, III. 43.

Otto I (the Great), emperor of Germany,
I. 326; in Italy, 328; deposes pope
John XII.

Otto gas engine, X. 79.

Ovid, I. 259; his "Metamorphoses," 260.;
love poems, 260.

O\vens' survey of Western Africa, X. 304.

Oxenstjerna, Chancellor of Gustavus
Adolphus, V. 227; II. 100.

"Oxford Movement." IX. 22, 66.

Oxus, VI. 35.

Oxyartes, Hactrian chief, VI. 37; sur-

renders, 37.

Oxygen and hydrogen, relative weights of,
X. 225.

Ozias, prince of Judah, V. 11.

Padilla, John de, VII. 214; his rebellion,
215; executed, 216.

1'a.jonia, VI. 8.

Paustum, temple of, I. 166.

Page, T. N., IX. 496; his writings, 496.

Page's discovery, X. 58.

Paine, Robert, American poet, IX. 398.
Paine, Thomas, III. 50.

Paint, new process for the manufacture
of, X. 178.

Painting, Greek, I. 1G9; in the Middlo
Ages, 442.

Painting, in the Middle Ages, I. 442.

Painting machine, operated by com-
pressed air, X. 238; description of, 238.

Pakenham, Henry, HI- 139.

Palermo, taken by Garibaldi. VI. 394.

Palestine, submits to Alexander, VI. 27.

Palestrina, composer, II. 198.

Pallas, diameter of, X. 278.

Palmer, John M., nominated for president,
III. 352.

Palmerston, Henry, English statesman,
II. 413; appointed prime minister, 415;
his cabinet. 415; death of, 417; V. 424.

Paludan-Muller, Fredrik, Danish author,
IX. 345.

"Pamela," IX. 8.

Pampeluna, captured by the English, VI.
339.

Pamphylia, VI. 17.

Pan-American Congress, III. 149.

Panama Congress of 1826, III. 405.
Panathenaea. Greek festival, I. 100.

Pandects of Justinian, I. 302.
Panic of 1837, III. 164.
Panic of 1857, III. 227.
Panic of 1873, III. 300.
Panic of 1M)3, III. 348.

Pansa, Roman consul, VII. 96.

Pantheism, IV. 199, 200.

Pantheon, Greek, I. 151.

Paoli, P., Corsican general, VI. 289-90.

Paper, manufacture of, X. 404.

Paper trade, growth of American, X. 102.

Paphlagonia, VI. 20.

Papin's digester, II. 163.

Papiiius Cursor, L., Roman general, I.

207.

Pappenheim, Wallenstein's general, VI.
178.

Paracelsus, II. 80; his theories, 81.

Paraguay, statistics of. III. 391.

Parrel-post, in Europe, X. 46.

Parchment, origin of, I. 142.

Pare, A., father of modern surgery, X.
342.
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Ptrii, Mlud by thi Ganiuni, II. 339;
threatened by landing armies, VI. 323;
capitulation of, 823.

Paris and Helen, I. 88.

Parkman. F., IX. 452; his writings, 452.

Parks, Sir Henry, VII. 431.

Parkyns, M., explores Abyssinia, X. 304.

Parley, Peter. See Goodrich, 8. G.
Parliament in England, origin of, I. 366;
under Simon de Montfort, 366-7; its

growing power, 367-8; development of,
II. 184; parties in, 430; election of

members, 421; rupture between, and
th king, VI. 194-6; during the civil

war, 196 seq. ; aided by Scottish troops,
204; self-denying ordinance, 205.

Parliament of Religions, 1893, III. 348.

Parliamentary Reform Bill of 1831, II.

290.

Paraenides, disciple of Xenophanes, IV.
40; his belief, 40.

Parmenio, Macedonian general, VI. 6, 13,
14, 21. 22, 26, 29, 30; death of, 34.

Parnell, Charles 8., II. 423; arrest of,

426; V. 434; VII. 362.
"Parnell letter" forgery, II. 430.

Parrhasius, Greek painter, I. 170; and
Zeuxis, 170; anecdote, 170.

Parry E., discoveries of, X. 309; his

perilous journey, 309.

Parry, W., plots to assassinate Queen
Elizabeth, V. 212; visits London, 212;
imprisoned, 212; beheaded, 212.

Parsee*, VII. 38; religion of, 42.
"Parsons' cause," defeated by Patrick
Henry, VIII. 130.

Parthenon, description of, I. 166; build-

ing of, V. 29-30; VII. 73-4.

Parthia, distinction of in history, I. 239;
it* dominion, 239; conflict with Romans,
240; complete victory of, 240; subse-

quent history of, 241.
Partition Treaty, First, II. 119.

Pasargada, surrenders to Alexander, VI.
32.

Pascal's laws. II. 163.

Passover of the Jews, VII. 4.

Pasteur, L., elaborates doctrine of fermen-
tation, X. 354; his hydrophobia cure,
856.

Patanajali, Hindu philosopher, IV. 7.

Patay, town in France, battle at, V. 103.

Pater, W., IX. 176; his writings, 176.

Paterculus, Roman historian, I. 261.
Patiumkin. Bee Potemkin.
Patmore, C., IX. 108; his poems, 108.

Patricians, I. 181 ; loose their monopolies,
189; struggles of, with Plebeians, 197-
204.

Paul V.. and Richelieu, VII. 285.

Paul, Grand Duke of Russia, declared
Catherine's successor, V. 332; plotted
against 341 ; management of Catherine's

funeral, 346.

Paulding. James Kirke, American writer,
IX. 403.

Pausanias, leads Spartans at Plataea, I.

Ill; VII. 56.

Pauaacias, slayer of King Philip, VI. 5.

Pavia. battle at, VII. 221.

Peary, R., sent by Academy of Sciences,
X. 815; other expeditions of, 316;
value of discoveries. 316.

Peed. Vinctnzo Gio-acchino. See Leo
X1IL

Pedro I, emperor of Brazil, III. 401.
Pedro II, emperor of Brazil, III. 401.

Pedro, emperor of Brazil, II. 294; abdi-

cates, 294.

Peel, Robert, II. 406, 407; financial re-

forms of, 408, 409, 410-11; death at,

413; V. 420; refuses to be prime minis-

ter, 420; and Disraeli, VII. 334.

Pellico, Silvio, Italian poet and dramatist,
IX. 377; his "Francesca da Rimini,"
377.

Pelopidas, Theban leader, I. 132; success
at Leuctra, 123; death of, 123.

Peloponnesian War, I. 117; causes of,

117; battle of Amphipolis, 118; truce

declared, 118; renewal of hostilities,

119; V. 31, 36.

Peloponnesus, I. 85; Dorian conquest
of, 92.

Pelasgi, prehistoric people, I. 87; their

remains, 88.

Pelusium, VI. 27.

Pendleton, Hamilton's second, VIII. 210.
Peninsular War, II. 292.

Penn, Wm., III. 26.

Pennsylvania, colony of, III. 26.

Pennsylvania Gazette, Franklin's paper,
VIII. 45.

Penny postage, greatest achievement of

century, X. 41; first advocated, 43; suc-

cess of, 43.

Pens, making of, X. 101-2, how many
produced per week, 102.

Pentland, S. American explorer, X. 326.

People's party, rise of, III. 330.

Pepin of Heristal, I. 305.

Pepin, king of th Franks, VI. 97.

Pepin the Short, I. 305-6.

Percival, J. G., IX. 442.

Percy's "HeliQues of Ancient English
Poetry, IX. 7.

Perdiccas, Macedonian commander, VI.
10.

Pereda, Jose de, Spanish novelist, IX.
386-7.

Perez Galdos, Benito, Spanish novelist,
his "National Episodes," IX. 388; other
works of, 388-9; realism of, 389.

Perga, VI. 18.

Pergamus, kingdom of, I. 142.

Periander, tyrant of Corinth, I. 104.

Pericles, Greek statesman, V. 27; his

eloquence, 29; criticized by the comic
poets, 30; intervenes in war between
Miletus and Samoa, 30; accused of em-
bezzling, 31 ; defends Aspasia, 31 ; his

oration on the slain, 31; loses nfa som
in the plague, 36; death of, 36: his

influence on civilization, 37; VII. 62 81 ;

opposes the aristocracy, 65; attacks the

Areopagus. 67; becomes leader cf

Athens, 67; war with Aegina, 68; forti-

fies Athens, 68; fights at Tanagra, 68-0;
war with Sparta, 70-71 ; conquers Eti-

boea, 71; his buildings, 71-4; sends out

colonies, 74; war with Samoa, 75; his

banishment demanded, 75-6; charged
with embezzlement, 76; speech on tin

fallen, 77-8; re-elected general, 80; death

of, 81; character of, 81; I. 112-113. 118.

Pcrier, Casimir, president of France, II.

355.

Perioeci, I. 96; condition of, 97.

Peripatetic school, IV. 110.

Perovskaia, Sophia, II, 389.
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Psrpienan, siege of, VII. 304.

Perry, Christopher, VI. 348-9, 350, 851.

Perry, Oliver H., American naval officer,

VI. 347-72; personal traits of, 347-8;
family of, 348-9; in the war with Bar-

bary states, 351-3; marriage of, 356;
military career of, 354 seq. ; in the war
of 1812, 356 seq. : on Lake Erie, 358
aeq. ; his victory, 367 ; honor for, 369-70 ;

proceeds against Algiers, 370; for court-

martial, 371; duel with Heath. 371;
goes to Venezuela, 371; death of, 372;
HI. 133.

Perseus, king of Macedon, I. 141; defeat

of, 141.

Persepolis, capital of Persia, VI. 31; cap-
tured by Alexander, 32.

Persia, founded, I. 106; war with Greece,
106; battle of Marathon, 107; Xerxes'"

expedition, 108; failure of, 110; battle
of Plataea, 111; early account of, II.

458-9; in modern time, 459; its struggle
against Russia, 459; VII. 35.

Persian religion, VII. 34, 36-7.

Persians, take Ecbatana. I. 70; their

civilization, 70-71; under Cyrus, 72-3;
their religion, 76-7; their science and
arts, 78-9; literature, 80-81; invade

Syria, 276; defeated at Granicus, VI.

13-15; at Issus, 20; recapture Issus, 21.

Peisius, Roman poet, I. 262; his satires,

262.

Perthes, de, his "Celtic Antiquities," X.
294.

Peru, sketch of, III. 404.

Pestalozzi, J., X. 333; his character, 333;
theories, 334; his "Gertrude," 334; his

method, 334.
Peter the Hermit, I. 340.

Peter I of Russia, II. 171 ; his reign, 172 ;

VII. 309; becomes czar, 310; his plans,

313; his European tour, 316; his re-

forms, 318; his wars with Sweden, 319.

Peter III, Czar of Russia, V. 325; marries

Catherine, 326; ascends throne, 330;
revolution against, 333; renounces
claims to crown, 333; murdered, 333;
body exhumed, 346; VI. 245.

Peters, explores Nippur, X. 292.

Petersburg, fall of, VI. 464.

Petherick, African explorer, X. SOS.

Petrarch, I. 438.

Petion, J., French revolutionist, V. 375.

Petroleum engines, X. 80.

Fetrucci, cardinal, VII. 195; his con-

spiracy against Leo X, 195.

fhaenarete, mother of Socrates, IV. 63.

Pharaoh-Hophra. See Apries.
Phamabazus, Persian naval commander,

VI. 20.

Phamaces II, king of Pontus, VI. 87.

Pharos, lighthouse built at, I. 133.

Pharsalia, battle, at, I. 244; VI. 86; V.
66.

Phaselis, VI. 17.

Phelps, Samuel S., III. 190.

Phidias, Greek sculptor, charged with em-
bezzlement. VII. 76; dies in prison, 77.

sculptor, I. 167; his "Athena," 167;
his "Zeus," 168; V. 29.

Philadelphia, IX. 396; centennial exposi-
tion at, III. 317.

Philip, archduke of Austria, marries Jo*n,
V. 155; his claims to Castile, 156;
leaves Joan in Spain, 157; VII. 207.

Philip II, king of France, t. 872, 331;
plots against Richard, I. 372; wan
with John I of England, 373; his vic-

tories, 373.

Philip IV, king of France, I. 374.

Philip II. king of Macedon, I. 123; char-
acter of. 124; settles Phocian War, 124;
plans subjugation of Persian empire,
125; assassination of, 125; IV. 104,
107; VI. 3, 4, 5.

Philip V, king of Macedon, I. 141; de-
feated by Flaminius, 141.

Philip II, king of Spain, II. 43; in the
Netherlands, 44; VII. 251, 253, 255-6;
famous ban of, 279-80; marries, V. 177.

Fhilippi, battle at, I. 248; VII. 98; V.
59-60.

Philippic orations, I. 125.

Philippines, Americans in. III. 370.

Phillips, A. D.. patent for phosphorus
match, X. 117.

Philo Judaeus, IV. 150.

Philo, P., Roman dictator, I. 202.

Philistines, their war with Saul, I. 57.

Philology, comparative, X. 303; Bopp'a
"conjugation system," 303; predomi-
nance of English tongue, 303; statistics,

303.

Philopoemen, head of Achaean League, I.

140; takes Sparta, 140; death of, 140.

Philosophy, how to treat ita history, IV.

1-2; definitions of, 2-3; ancient, IV.

152; Greek, I. 163; Plato, 163; four

schools of, 166; Spencer's definition, IV.

372; English system of, IX. 236; Ger-

man, 236; French, 236.

Philotas, VI. 34.

Phocion, Greek leader, I. 136; death of,

136.
Phocian War, origin of, I. 124; settled by

Philip of Macedon, 124.

Phoenicia, submission of cities in, VI. 2i-

6; fleet of acquired by Alexander, 25.

Phoenicians, their race, I. 62; civilization

of, 63; country of, 63-4; form of govern-

ment, 64 ; trade of, 65-7 ; colonies of, 65 ;

navigation of, 66; inventions of, 67;
their alphabet, 67-8; morals and relig-

ion, 68.

Phoenix Park murder, II. 427-8; VII. 868.

Phonograph, X. 155.

Phosphorista, IX. 363.

Phosphorus, discovered by Brand, X. 118.

Photo-block printing, X. 137.

Photo-engraving, process of, X. 400.

Photography, X. 129; uses of, in printing,
399.

Photography, astronomic. See Astro-

photography,
Phraates, king of Parthia, I. 241.

Phraortes, king of the Medes, conquers the

Persians, I. 70.

Phrygia, VI. 15.

Phrynichus, Greek tragedian, I. 180.

Physics, discoveries in, X. 227; Joule's

investigations, 227-9; law of conserva-

tion of energy, 229-32; kinetic theory of

gases, 232; undulatory theory of light,

233; physical apparatus, 234; water-

power, 234-5; air, compressed, 235-41;

liquefied, 241-4.

Piazzi, Sicilia, astronomer, X. 277.

Pichegru, C., French general, VI. 801,
312.

Pictet, P., experimeuta with liquefied air,

X. 241.
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Pierce, administration of III, 205.

Pierpont, J., IX. 442; his writings, 442.
Pike, Albert, IX. 463; his writings, 463.

Pike, R., commander Peary expedition, X.
315.

Pilgrims, leave Holland, III. 15; land on
Plymouth Rock, 16; experiences of, 17.

Pinarus River, VI. 21.

Piuckney, C. C.. VIII. 124, 125.

Pinckney, Thos., III. 86.

Pindar, Greek poet, I. 160; VI. 11.

Pins, dearness of, X. 94 ; how manufac-
tured, 95; production of in U. S., in
Great Biitain and other countries, 96;
number of, 96.

Pisa, becomes independent republic, I.

420.

Pisidia, conquered by Alexander, VI.
18-19.

Pisistratus, tyrant, seizes power, I. 103;
preserves Homeric poems, 104; death of,

104; VII. 23.

Piso, Lucius, VI. 72.

Pitman's shorthand system, X. 62.

Pitt, William, II. 188; his administration,
11(1; VIII. 60; and American colonies,
III. 43.

Pittsburg Landing. See Shiloh.
Pius V, pope, issues bull against Eliza-

beth, V. 208; sends emissaries to E;ig-
land, 208.

Pius VI, pope, II. 254.
Pius IX, pope, II. 303; driven from
Rome, 304; VII. 374.

Pizarro, in Mexico, III. 394.
Place V, unearths Palace of Sargon, X.

292.

Plants, number of species, X. 257.

Plataea, battle at, I. 75, III; VII. 56.

Platen-Hallemund, August, German writer,
IX. 308; his controversy with Heine,
308.

Plato, I. 163; IV. 77; youth, 77; becomes
disciple of Socrates, 78; travels abroad,
79; compared to Socrates. 80; his in-

fluence, 82; interpretation of his phil-
osophy, 83; his ideas, 84-7; his Menexe-
nus quoted, V. 32-36.

1'iatonic love, IV. 83.

I'latonists, IV. 82.

Platt, Thos. C., HI. 298.
Plautus, M., Roman poet, I. 228.
Plebeians, I. 181

; struggles of with Patri-
cians, 197-204; made equal with Patri-

cians, 2O2-3.

Plessis, castle of Louis XI, VII. 172.

Plestonax, king of Spurta, makes war on
Athens, VII. 70-71.

Pliny the Elder, I. 261
; his "Historia

Naturalis," 261 ; death of, 261.
Pliny the Younger, I. 262.

Plowden, C., explores Abyssynia, X. 304.
Plows, primitive, X. 193; improvements

of, 103-4; steam plows, 194.

Plntarch, Greek writer, on the Gracchi,
V. 41-42; on Cleopatra, 54, 60.

Plymouth Company, organized, III. 9;
failure of, 14.

Pneumatic despatch tubes, X. 239.
Pucahontas and John Smith, III. 10.

Poe, Edgar Allen, career of, IX. 41 1-6;
his popularity abroad, 415; his "The
Raven," 415; life and character of, 415;
works of, 415-6,

Poetry, Greek, I. 158.

Poetiy, Hebrew, V. 8.

Poitiers, Diana of, see Diana of Poitiers.

Poitiers, battle at, I. 375.

Poland, progress of, in fifteenth century,
II. 6; partition of, 179; V. 316; insur-

rection, 295-6; rise of, 66.

Polar expeditions, X. 309; early, 309;
Ross expeditions, 310; Franklin, lost

expedition, 310; relief expeditions, 311;
Kane's relief, 312; DeLoug, 312; sad
end of, 313; Greeley's explorations, 314;
Peary's discoveries, 315; Fridjof Nan-
sen, 317; terrible experiences, 318; An-
drec, 319; south pole explorations, 819;
Charles Wilkes, 319; Ross expeditions,
320.

Pole, Cardinal, adviser of Queen Mary,
V. 203.

Polish literature, IX. 369-71.
Political economy, rise of, II. 211.

Polk, James K., HI. 164; his administra-
tion, 170.

Polo, Marco, traveler, I. 12; II. 8.

Poltrot, assassinates Guise, V. 179; death
of, 179.

Polycletus, Greek sculptor, I. 168.

Polycrates, tyrant of Samos, I. 104; IV.
34.

Polygnotus, Greek painter, I. 170.

Pombul, Portuguese statesman, II. 195.

Poniatowski, Catherine's favorite, V. 329;
elected king of Poland, 335; resigns,
343.

Pompadour, mistress of Louis XV, V. 300;
addressed by Maria Theresa, 301.

Pompeii, destruction of, I. 262; excava-
tions in, 262.

Pompeius, see Pompey.
Pompey the Great, Roman general, takes

Jerusalem, I. 62; 189; fights the pirates,

235; first triumvirate, 238; struggles
with Caesar, 243; death of, 244; fights

Caesar, V. 56; beaten at Pharsalia, 56;
his treaty with Ptolemy, 56; killed, 56;
VI. 69; military career of, 69-70; 71,

73, 77-8; conflict with Caesar, 79-80;
leaves Italy, 8-; loses battle of Phar-
salia, 86; assassinated, 86.

Pompey, Cneius, the younger, VI. 88-9.

Pompey, Domitius, VII. 99.

Pompey, Sextus, controls Sicily, VII. 95;
in the triumvirate, 99; defeated, 100.

Ponce de Leon, R., Spanish general, prof-
fers allegiance to Isabella, V. 140

; takes

Baza, 150.

Pons, M., discovers Eucke's comet, X.
278.

Ponsard, Francois, French writer, IX.
234.

Pontius, C., Samnite general, I. 207-8.

Pontus, made Roman province, I. 238.

Poor-laws, in England, II. 291.
"Poor Richard's Almanac," VIII. 46.

Pope, A., II. 213; his "Essay on Man,"
213.

Pope, Gen. John. III. 253; VI. 489.

Popes, origin of the name, I. 334; rising
power of, 333-8; increased by crusades,
354.

Popp, V., introduces compressed air in

Europe, X. 239; hi* factory, 239; ad-
vantages of his system, 240.

Populist party. See People's party.
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Port Royale, founded, III. 7.

Porter, David, VI. 352.
Porto Rico, taken by the Americans, III.

379.

Portugal, progress of, in fifteenth cen-

tury, II. 4; decline, 195.

Portuguese explorations, III. 5.

Porus, king of India, I. 17; defeated by
Alexander, 129; VI. 39-40.

Positivism, explanation of, IV. 351.
Positivist Catechism, Comte's IV. 350.
Positive philosophy, IX. 237.
Postal savings banks, in Europe, X. 45.

Post office, development of, X. 41 ; in

England, 42; evading charges, 42; Hill's

investigations, 43 ; proposes penny post-
age, 43; various functions of, 45; par-
cel-post, 45; free delivery, 45; statis-

tics of, 46; in U. S., 44; Universal
postal union, 45; statistics of, 46.

Potemkin, Catherine's favorite, V. 337;
becomes foreign minister, 340; power
of, 341; death of, 342.

Pothiuus, Ptolemy's treasurer, V. 58-9.

Pottery, progress of industry, X. 223.

Poultry industry in U. S., X. 191-2; value
of, 192.

Poussin, Nicolas, II. 165.

Powder, smokeless, X. 376; its superior-
ity, 377.

Powderley, T. V., president Knights of

Labor, III. 324.

Powell, G., discovers S. Orkneys, X. 319.

Powell, ,1., director bureau of ethnology,
X. 297.

Power loom, X. 91.

Praed, W. M., IX. 107.

Praetors, Roman, I. 184.
Praetorian guard, I. 2G9.

Pragmatic Sanction, VII. 194.

Prague, capitulatioji of, VI. 229; seige of,

234-5; 175.

Prague, treaty of, VII. 415.

Prague, university of, I. 433.

Praxiteles, sculptor, I. 169; his aphrodite,
169.

Preble, commodore, III. 106.

Predestination, doctrine of, IV. 57.

Preece, W., tests Marconi's system, X. 53.

Presburg, peace of, II. 262; VI. 315.

Pre-Raphaelitism, IX. 95; its representa-
tives, 96; II. 444.

Prescott, W. H. , American historian of

Isabella, V. 129; IX. 447-8.

President, and the electoral college, III.

72; salary of, raised, III. 300.

Press, censorship of, IX. 311; 386.

Press, hydraulic, description of, X. 234;
invented, 234; uses of, 234.

Preston, battle of, VI. 197; 208.

Price, U., Frankliu's letter to, VIII. G9.

Priestley, J., and Franklin, VIII. 66.

Priestley's discoveries, X. 208.

Prim, Marshal, II. 382.

Princeton, battle at, III. 59.

"Printer's devil," origin of term, X. 389.

Printing, development of, X. 388
; early

presses, 389; steam introduced, 390;
modern processes, 392-4 ; electrotypiug,

395; lithography, 396-9; photography,
399-402; composition, 402; invention of,

II. 15-16.

Privateering, history of, X. 380; method
of, 381; abolished, 382; maintained by

the U. S., 382; during Spanish-Ameri-
can War, 383; in War of 1812, III. 130.

Probus, M. , Roman emperor, glorious -

work of, I. 276.

Procopius, historian, VII. 112-i3.

Proctor, British general, VI. 368.

Proctor, Redfleld, secretary of war, IIL
341.

Projectile, modern, description of, X. 375;
velocity of, 375; destructiveness of, 375.

Propertius, Roman poet, I. 259.

Protection, early debates on, III. 75.

Protestantism, in Switzerland, II. 25.

Protogoras, first Sophist, IV. 59.

Proudhou, Pierre, French socialist, IX.
237.

Provence, origin of name, I. 231.

Prussia, rise of, II. 307; rivalry with Aus-'

tria, 309, ISO; treaty of with France,
VI. 228-9; growing power of, 231 seq. ;

treaty with England, 232; invaded by
hostile armies, 236-46; and Austria in
war with Denmark, VI. 377.

Prussian Landwehr, II. 308.

Psammenitus, king of Egypt, defeated by
Cambyses, I. 33.

Psammetichus, Egyptian king, I. 32; his

Greek troops, 32.

Psychology, modern inductive, IV. 252.

Ptolemy Auletes, king of Egypt, father of

Cleopatra, V. 54; his character, 55;
death of, 55; Pompey guardian of his

children, 56.

Ptolemy I, king of Egypt, I. 132; founds
Alexandrian library, 132.

Ptolemy II, king of Egypt, I. 133; builds
Pharos lighthouse, 133; death of, 133.

Ptolemy III, king of Egypt, I. 133; his

reign, 133.

Ptolemy IV, king of Egypt, I. 133.

Ptolemy V, king of Egypt, I. 134.

Ptolemy Lagus, Macedonian general, takes

Judaea, I. Gl.

Public worship regulation act II. 422.
Publilian law, I. l'JS-9, 202.

"Publius," Hamilton's pen name, VIII.
203.

Publishing, development of, X. 404.

Pngatcheff, claimant to Russian throne,
V. 340; captured, 340.

Pulkowa telescope, X. 285.

Pullman strike, III. 323.

Pultowa, battle at, II. 175; VII. 320.
Punic wars, I. 215-19; VI. 46.

Punishments, military, X. 383 ; abolition
of flogging, 383 ; court-martials, statis-

tics of, 384.

Punshon, W. , picture of Catherine da

Medici, V. 192.

Puritanism, beginnings of. III. 15; VI.
192.

Pusey, E. B., IX. 124; his "Oxford Li-

biary," 124.

Pushkin, Alexander, Russian poet, descent

of, IX. 360; influenced by Byron, 360;
works of, 360-1 ; death of, 360.

Puttkamer, Johanna von, married to Bis-

marck, VII.

Pydna, battle at, I. 141.

Pyramids, battle of, VI. 304.

Pyramids of Egypt, I. 30.

Pyrenees, battles of. VI. 338.

Pyrrho, skeptic, IV. 141; life, 141; habits,

142; anecdotes of, 143; philosophy of,

146.



iNDEX

Ftrrrhui, king of Epiras, I. 137 ; his career,

187; become* king of Macedonia, 139;
death of, 139; war with Romans, 209.

Pythagorean school, IV. 46; initiations,

47; Lytton, quoted on, 47-50.

Pythagorean Society, IV. 44.

Pythagoras, 1.164; IV. 44; his miracles,

44; his visit to Egypt, 45; and Amasis,
46; his school, 46; Lytton, on, 47-50;
his philosophy, 50-3.

Pythian festival. I. 155.

Pythias, wife of Aristotle, IV. 111.

Q
Quaestors, I. 189.

Quakers, early persecution of, III. 21.

Quakers, in the Revolution, VIII. 24, 29.

Quarantine, at seaports, X. 364; efficiency

of, 364; extent of, 364.

"Quarterly Review," founded, IX. 20;
opposes Edinburgh Review, 20.

Quay, M. 8., III. 340.

Quebec Act, III. 48.

Quebec, founded, III. 7.

Queen Anne's War, III. 29.

Queensland, II. 489.

QuinUna, Manuel, Spanish poet, IX. 383.

Quintilian, rhetorician, I. 262.

Qaintius, attempts to assassinate Greg-
ory VII. VII. 151.

"Quo Vadis," by Sienkiewicz. IX. 371.

R

Races of Mankind, 1. 4, derivation of

names, 4-5.

Racine; his conversation with Louis XIV,
V. 260; his blunder, 260; II. 154.

Radagaisus, barbarian chief, invades Italy,
1. 284 ; is defeated, 284.

Rtdetzky, field-marshal, II. 303.

Radiophone, description of, X. 61.

Rae, J. , determines shape of King Will-
iams Land, X. 310.

Bailroads, steam, X. 16; Trevithick's loco-

motive, 18; first in England, 17; formal
opening of, 17; "Experiment," descrip-
tion of, 18; early opposition to, 18;
locomotive and cow, 19; introduced on
continent, 20; into the United States,

20; "John Bull" imported, 21; swivel

truck, 21 ; equalizing lever, 22 ; mod-
ern comforts of, 23 ; statistics, 23.

Railroad strike. 1877, III. 322.

Railroading, evolution of, X. 66; evolu-

tion of steel rail, 66; climbing grades,
66.

Rails, steel, improvement of, X. 66.

Ualeigh, W., sent by Elizabeth to aid

Henry of Navarre, V. 209; founds
American colonies. III. 9.

Rameses the Great, king of Egypt, I. 31.

Ramsay, A., arouses controversy regarding
glacial theory, X. 269; his claim, 270.

Katidall. Samuel J., III. 313.
Randall's "Life of Jefferson." VIII. 177.

Randolph, John. VIII. 261, 263; hi* duel
with Clay, 281-2.

Randolph, John, and Patrick Henry,
VUI. 128.

Randolph, John, of Boanoke. VIII. 147.

Randolph, Thomas, supporter of Brace,
VI. 156, 168.

Ranke, Leopold, historian, career of, IX.
332; his "History of the Romanic and
Germanic Nations," 332; his "Roman
Papacy," 333; made historiographer of

Prussia, 333; other historical works of,

333-4; his method of history, 334; opin-
ions of Christina, V. 241.

Raphael, II. 90; his work, 90.

"RaskolnikofT," Dostoievsky's, IX. 363.

Rastadt, treaty of, II. 124.

Ratisbon. Diet at, VI. 173; VII. 234.
Ravenna, battle at, VII. 178; 187.

Rawlinson, H., reads Behistun inscrip-
tion, X. 291.

Raymond VI, Count of Toulouse, I. 338.
343

Reade, C., IX. 88; his "Cloister and the
Hearth," 88; other stories, 89.

Realism ih Germany, IX. 323-30.
Reconstruction period, III. 282; Ku Klux

Klan, 286; VIII. 395.
Redditch process of hardening needles, X.

97-8.

Reed, Thos. B., III. 341.

Reeder, Andrew H., III. 215.

Reflection, according to Locke, IV. 258,
259.

Reform bill, Gladstone's, VII. 345.

Reformation, beginning of, II. 22; rapid
progress of, 25, in Spain, 18; in the

Netherlands, 41; in England, 50; and
Charles, V. 233.

Rehn, Dr., sews up knife-thrust in heart,
X. 352.

Religion and science, Spencer's reconcilia-

tion of, IV. 369.

Rehoboam, king of Judab, I. 58.

Reid, Whitelaw, III. 346.

"Reign of Terror," II. 245.

Reis, P., experiments with telephone, X.
58.

Religion, Greek, I. 149.

Religious orders, I. 348; object of, 348-9.

Rembrandt, II. 167.

Remigius, bishop of Rheims, VI. 196.

Remusat, Madame, V. 403.

Renan, Ernest, French author, IX. 268-

70; explores the Holy Land, 269; his

"Life of Jesus," 269; "History of the

people of Israel," 270; learning of, 270.
Rene of Orange, VII. 254.

Renaissance, II. 68; drama, 75; astrono-

my, 77; architecture, 83; painting, 86;
music, 97.

Republican party, VIII. 376.

Requesens, Luis, governor of the Nether-
lands, VII. 271, 274.

Reuter, Fritz, IX. 326; stormy life of,

condemned to death, 326; writings of,

326-7; his "Uncle Brasig," 327.

Revere, Paul, III. 53; VIII. 104.

Revolution, American, what developed by,
IX. 395; literature of, 395; III. 52.

Revolutions of 1848. 11.297; in France,
297; in Germany, 300; in Austria, 301;
in Italy, 302.

Rezonville. battle at, II. 334.

Rhodes, Cecil, and South African com-
pany, II. 431.

Rhode*, city of, I. 144.

Rhythm, Spencer's theory at, IT. 378.
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Rfchard, duke of York, I. 380; impeaches
duke of Suffolk, 380; proclaims himself

protector, 380; death of, 381.
Richard I, Coeur de Lion, VI. 135-44;

family of, 135; becomes king of Eng-
land, 136; personal traits of, 136; pre-
paring his crusade, 137; marries Beren-
garia, 138; conquers Cyprus, 138; pro-
ceeds on his crusade, 138-43; fight with
Sararens, 140-1 ; rebuilding of Jaffa and
Ascalon, 140; in prison in Germany,
141-3; arrival of in England, 143; war
with France, 143-4; death of, 144; I.

351, 372.
Richard III, king of England, I. 382.

Richardson, explorer, X. 305.
Richardson's "Pamela," IX. 8.

Richelieu, 11.104; VII. 284; his educa-
tion, 285; created a cardinal, 288;
struggle with the pope, 290; conspira-
cies against, 292; suppresses the Hugue-
nots, 294; subdues the parliament, 299;
his foreign policy, 302; death of, 307.

Richmau's experiments, VIII. 51.

Richmond, siege of, III. 252; fall of, 260.

Hichter, Jean Paul, German author, IX.
288-90; poverty of, 288; his "Flower,
fruits and thorn-pieces," 289; "Titan,"
"Levana," 289; queer language and
character of, 289-90.

Ridolfi, sent by Pius V to England, V.

208; plots to assassinate Elizabeth, 209.

Riga, city of, founded, I. 418.

Rigand, mulatto chieftain, VI. 350, 381.

Riggiu, Chas. W., III. 344.

Riley, J. W., IX. 494; his writings, 494.

Ilillieux, vacuum-process pan, X. 109-10.

Ripley, Geo., and Brook Farm, IX. 421.

"Risorgimento," Cavour's paper, VII. 373.
Rivas, duke of. see Saavedra.
Rivers, great influence of on civilization,

I. 4-5.

Rivieras, Anita, married to Garibaldi, VI.
386.

Robert, count of Flanders, I. 343.

Robert, duke of Normandy, I. 343, 361.
Robert I of Scotland, the Bruce, VI. 145-

59; family of, 145; epochs of his life,

146; crowned king of Scotland, 149; ex-
communication of, 150; defeated by the

English, 150, 151 ; his wife taken by the
English, 151; leaves Scotland, 152; de-
feats the English, 154, 155, 157; recog-
nized by all Scotland, 157; his cam-
paign in Ireland, 158; death of, 159.

Robert Guiscard, I. 328.

Robert, Louis, his paper making machine,
X. 102.

Robertson, Donald, Madison's teacher,
VIII. 181.

Robertson, Wm., II. 215.

Robertson, W. H., III. 331.

Robespierre, II. 250; warning of, V. 374,
378

Robinson, Chas., III. 216.

"Robinson Crusoe," influence of, IX. 10.

Robinson, John, III. 15.

Rochambeau, disagrees with Washington,
VIII. 26.

Rochelle, siege of, VII. 294.

Rock-boring, X. 72.

Rock-drilis, worked by compressed air, X.
237; delicacy of, 237; power of, 237;
pneumatic breast-drill, 237.

"Rocket," Stephenson's prize engine, X.
18.

Rodgers, W. 8., Commodore, VI. 358, 387.

Roebling's suspension bridge, X. 88.

Roemer, Olans, II. 161.

Roentgen rays, X. 134, 135-6; in surgery,
354.

Rogers, Samuel, IX. 49; his "Pleasures of

Memory," 49.

Rohan, L., prince, V. 351; ambassador to

Vienna, 351; intrigues of in Vienna,
355; recalled, 355; cardinal of France,
364; part of in "Diamond necklace
story," 366; trial and acquittal of, 367.

Rohlfs, G., his explorations, X. 308; ter-

rible experience of, 308; maps oasis of

Tuat, 308.

Rolica, battle of. VI. 334,

Rollo, I. 332.
Roman Catholic Church, as institution, L

333.
Romance languages, I. 437.
Roman Empire, in the time of Augustus,

1.254; size of, 255; literature of, 257-
63; "Claudian emperors," 268; at-
tacked by German tribes, 275-6; four
administrative parts of, 277; weakening
of, 277-90; division of, 284-93; beneflti
derived from, 291-3.

"Roman History," Mommsen's, IX. 335.
Roman law, I. 301 ; development of, 301-2.
"Roman Papacy," Ranke's, IX. 332.

Romans, origin of, I. 178-9; genius of,

180; character of, 190-3; military serr-
ice of, 194; masters of northern Italy,
209; defeat Gauls, Etruscans, 209;
political rights of, 210; attack

Philip of Macedon, 219-20, also Antio-
chus, 220; provinces of, how governed,
223; coiruption among. 223-4; extrav-

agances of, 225; public works and build-

ings of, 225-6; influenced by Greek art
and thought, 226-8; literature of, 227-8.

Romantic school, in English literature,
IX. 23; Scott, 23-9; Byron, 30; Moore,
32; Shelley, 34; Hunt, 38.

Romantic school in Germany, IX. 290-
300; compared with that of France, 290;
influenced by philosophy, 290.

Romanticism in France, IX. 201; and
classicism, 215 seq. ; influence of, 14.

Romanticists, characteristics of, IX. 292;
their standpoint in literature, influence
Of, 293.

Rome, history of, I. 176-228; burned, 176
foundation of, 179; early government of,

180; legislative assemblies of, 181; sen-
ate of, 182-3; monarchy abolished in,
183; executive officers of, 183-5; plebe-
ian consul elected, 186; laws of, 188;
victories of, 187; beginning decline of,

187-9; imperialism in, 189; captured by
Gauls, 200; becomes a democracy. 203-
4; highest power of, 210; division [po-
litical] of, 210; mythology of, 212-14;
foreign conquest by, 215-27; conflict
with Carthage, 215-10; VI. 50; litera-

ture and writers of, I. 227-8; in the
reign of Augustus, 256 ; its magniflcenc*.
256; social war in, VI. 64, 65; various
political factions in, 68-9; civil war to
81-2.

Roosevelt, Theo., in Spanish-American
war, III. 367; elected governor of New
York, 383; IX. 473.
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Rosebery, Earl of, appointed premier, II.

Jo*!, 433; V. 422.
Rosetta stone, discovery of, X. 289; pre-

sented to British Museum, 290; hiero-
glyphics interpreted, 290; its contents,
290; confirmed by Lepsius, 290; I. 27.

Rosicrucians, IV. 200, 201.
Ross, Gen., captures Washington city,

III. 137.
Ross expedition, X. 310; Boothia ex-

plored, 310; Magnetic Pole discovered,
310; relief expedition sent, 310; Ant-
arctic exploration, 1831), 320; survey
Kerguelen Island, 320; progress blocked
by ice-barriers, 321.

Rosse's reflecting telescope, X. 285 .

Hossetti, D. G., IX. 96.

Rossini, A., Italian composer, II. 440; his
"Welhelm Tell," 441.

Rossetti, D., English painter, II. 444.

Rough Riders, in Spanish-American war,
III. 367.

Roundheads, VI. 198.

Rougiiillo, attempts to reduce Segoyio,
VII. 213; defeated, 214.

Rousseau, J. J., II. 209; IX. 9; his "New
Heloise," 10; "Social Contract," 10;
influence of, 10.

Rowlands' multiplex system, X. 51.

Roxana, wife of Alexander, VI. 37.

Ruby, artificial, production of, X. 220.
Ruckert, Friedrich, German poet, IX. 308.
Rudolf I, emperor of Germany, I. 385.

Rudolph II, emperor of Bohemia, II. 98.

Rudnlph of Suabia, VII. 155.

Ruling machine in Johns Hopkins uni-

versity, X. 107-8; constructed by Theo-
dore Schneider, 107; designed by Henry
A. Rowland, 107.

Rumford's discovery, X. 228.

Rump" Parliament, VI. 212; dissolved

by Cromwell, 213; II. 132.

Runeberg, Johan Ludvig, Finnish poet,
education and works of, IX. 356.

Rupert, Prince, VI. 199, 200, 201, 203,
205.

Rusk, J. M., secretary of agriculture, III.

341.

Ruskin, J., 11.444; IX. 136; his educa-
tion, 136; his views on art, 136; works,
137.

Russell, John, English premier minister,
II. 411, 417; V. 422.

Russia, rise of, II. 1<>9; Peter the Great,
171

; wars with Sweden, 175; Catherine,
II. 178; and the Eastern question, II.

360; extent of present empire, II. 389;
modern reforms in. 390; politics of in

the East, II. 4f)G; life in, 1840, V. 322;
Carlyle on, 323

; alliance of with Aus-
tria and France, VI. 238; in war with

Prussia, 239-40.
Russian literature, IX. 358-08.

Russo-Turkish War, II. 308.

Rust, S., invents Washington press, X.
391.

Rutledgn, Anna, VIII. 324.

Ryan, A. J., poet, IX. 464.

Rydberg, A. Victor, Swedish author, his

"Teutonic mythology," IX. 357.

S

Saavedra, de, Angel, Spanish poet, IX.
383-4.

Sabines, I. 179.

Sackville-West, Lionel, III. 340.
Sadi-Carnot's efficiency theory, X. 79.
Sadowa, battle at, II. 312.
Saed, Arabian general, V. 80.

Safety bicycle, X. 27.

Safety match, invented by Lundstrom, X.
118.

Sagalassus, battle of, VI. 19.

Saguntum, town of, captured, VI. 49.
St. Albans, battle at, I. 380.
St. Augustine, founded, III. 6.

St. Blaisen's turbine, X. 82.
St. Claire, Arthur, III. 79; defeat of, 79.
St. Clair river tunnel, X. 72.
St. Domingo, civil war in, VI. 350-1.
St. Gothard tunnel, X. 71.

Saint-Hillaire's conclusions, X. 246.
St. Louis, see Louis IX, king of France.
St. Peter's, church of, II. 83; description

of, 84; rebuilding of, VII. 191.

Saint-Simon, Claude, French socialist, IX.
237.

St. Simon, and Comte, IV. 347; his me-
moirs, V. 257.

St. Sophia, Church of, VII. 117.
St. Thomas, negotiations toward purchase

of, III. 288.
St. Yuste, monastery at, VII. 248.

Sainte-Beuve, Charles, IX. 245-8; his
"Port Royal," 246; critical faculty of,

247; his "Causeries du lundi," 247; his
mode of work, 248.

Saint's sewing machine, X. 85.

Sakya-Muni, see Gautama.
Sakyas, Hindu tribe, IV. 10.

Saladin, sultan of Egypt, captures Jeru-
salem, I. 350; extent of dominion of,

350-51; VI. 138-9.

Salamanca, battle at, VI. 338.

Salamanca, University of, I. 433.

Salamis, battle at, I. 75, 110; VII. 51-55.
Salem Gazette, X. 407.
Salem witchcraft, III. 21.

Salic law, I. 375.

Salisbury, Robert, Marquis of, II. 429;
his cabinet members, 433; V. 434.

Sallust, Roman historian, I. 253.
"Sam Adams' Regiments," VIII. 92.

Samnites, I. 206; war of with Romans,
207-8.

Samos, Island of, defection of, VII. 75.

Sampson, \Vm. T., III. 372.

Sampson-Schley controversy, III. 385.

Sand, George, IX. 227-9; real names of,

227
; early life of, 227-8 ;

works of, 228-9.

Sandeati, Jules, French writer, IX. 228,
235, 255.

San Domingo, contemplated purchase of,

III. 287.

San Juan Hill, capture of, III. 377.

San Martin, Jose, III. 400.

San Sebastian, captured by the English,
VI. 339.

Sangala, captured by Alexander, VI. 40.

Sanitary engineering, X. 75.

Sanitation, public, X. 363; Boards of

Health, 363; free dispensaries, 364;

quarantine, 364; hospitals, 364.
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Sanskrit language, I. 20.

Santa Anna, defeated by Scott, III. 176;
401.

Santa Fe, city in Spain, built, V. 150.

Santiago, battle at, III. 370.

Sapor, king of Persia, captures Valerian,
I. 276.

Sappho, Greek poetess, I. 159.

Saracens, I. 298 ; rise of, 309 ; religion of,

309-10; character of, 310; wars of con-

quest, 312-15; repulsed from Constanti-

nople, 312; defeat Visigoths in Spain,
313; rule in Spain, 313; defeated uy
Franks, 314; empire of divided, 315;
arts and sciences of, 315-18; 328.

Saratoga, battle at, III. 60; VIII. 23.

Sardanapalus, king of Assyria, I. 48.

Sardes, capital of Lydia, VI. 15; surren-
ders to Alexander, 15; burned, I. 106.

Sardinia, II. 363.

Sardou, Victorien, French dramatist, IX.
2C5.

Sargon, king of Assyria, I. 49; conquers
the kingdom of Israel, 59; palace of,

unearthed, X. 292; records of, 292.
Sasanian dynasty, VII. 41.

Satibarzanes, Persian satrap, VI. 33.

Satire, among the Romans, I. 252.

"Saturday Review," founded, IX. 133.

Saturn, constitution of its rings, X. 287.

Saul, king of Israel, I. 57; suicide of, 57.

"Savannah," steamer, crosses the Atlan-

tic, X. 33.

Savary, A. J., general of Napoleon, V.
405.

Saxons, VI. 98-100.

Saxony, invaded by Prussians, VI. 230,
233.

Scarborough, battle of, III. 65.
Scarron

;
his conversation with Christina,

V. 237; meets Frances de Maintenon,
249; marries her, 249; his appearance,
250.

Scharnhorst, Gen., II. 308.

Scheele, C. W., his discoveries of chem-
ical activity in rays of light, X. 130.

Scheffel, Joseph Victor von, German
writer, his "Trumpeter of Sackingen,"
other works of, IX. 341.

Schelling Friedrich, IV. 320; education,

326; his lectures, 327; his philosophy,
329; IX. 290, 302.

Soberer, Edmond, French critic, IX. 273.

Schiller, Frederick von, IX. 13, 285-8; his

"The Robbers," 280; called to profes-
sor in history, 286; friendship with

Goethe, 13, 28C-7; his "Song of the

Bell," 287: historical plays, 14, 2S7-8;
death of, 288.

Schilling's telegraphic system, X. 46.

Schlegel, August, German writer, his

translation of Shakespeare, IX. 291-2;
founder of "Athenaeum," 292.

Schlegel, Friedrich, German writer, IX.
291, 292.

Schleiermacher, Friedrich, German philos-

opher, IX. 302-3.

Schleswig, duchies of, VI. 377.

Schleswig-Holstein, wrested from Den-
mark, II. 311; VII. 413.

Schley, W. S., relieves Greeley expedition,
X. 315; at Cienfuegos, III. 373.

Scholasticism, IV. 1(59; 192, 202.

Schombnrgk, R., explores British Guiana,
X. 326.

VOT,. IO 30

Schonbrunn, treaty of, VI. 318.

Schopenhauer, Arthur, life and teaching
of, IX. 303-4; his "World as will and
idea," 304.

Schubert, Franz, Austrian composer, II.

438.

Schumann, Robert, German composer, II.

438.

Schurz, Carl, III. 319.

Schuyler, Elizabeth, married to Hamilton,
VIII. 199.

Schwab, Gustav, German poet, IX. 317.

Schwartzenburg, Prince, VI. 340.

Sciences, physical advancement in, X. 3-8.

Scipio, Publius Cornelius, VI. 51 ; loses

battle of Ticinus and Trebia. 53: killed
in Spain, 57.

Scipio Africanus, the elder, father Of

Cornelia, V. 40.

Scipio, P., Roman general, defeats Han-
nibal, I. 219, 222; VI. 58, 88.

Scopas, sculptor, I. 169.

Scoresby, W., first Arctic explorer, X.
309; surveys E. Greenland, 310.

Scotland, war with Edward, I. 309-70;
contest of Bruce and Baliol, 309; de-

feat of the English at Bannocklmrn,
370; independence of acknowledged,
370; wars with England, VI. 145 sea- ;

its libeity established. 15$; subjugated
and united to the commonwealth, 212.

Scott, Died, III. 224.

Scott, Walter, IX. 14, 23; education, 2:i;

"Lay of the Last Minstrel," 24; "Wov-
erley," 25; other woiks, 26; financial

embarrassments, 27; death of, 28; his

influence, 29.

Scott, Winfield, III. 175; in Mexican war,
175; in Civil war, 240.

Scotiis, J. See Eiigena.
Scribe, A., French composer, II. 441.
"Scribner's Monthly," IX. 459; becomes
"Century Magazine," 400.

Scrubbing machine, X. 111.

Scmlder, Horace, IX. 397, 501.

Sculpture, Greex, I. 107; Phidias, 167.

Scurvy, cure of, X. 302; statistics of, 362.

Scythian?., defeated, VI. 36.

Sea, primitive fear of, III. 1.

Sea-fight in the Middle Ages, description
of, X. 367.

Sea-water, analysis of, X. 222; gold in,
222.

Sevastopol, fall of, II. 360.
Secession in U. S. history, VIII. 268.

Sedan, battle at, II. 337; VI. 379.

Sedgmoor, battle at, II. 138.

Scdgwick, A., geologist of North Wales,
X. 203; and Murchison, 203.

Sedgvick, Theo., III. 96.

Sedition Act, III. 91.

Segovia, rebellion of, VII. 213.

Selem'idae, kingdom of, I. 135.

Selenr-us I, king of Syria, I 135; founds
Antioch, 135; death of, 135.

Selim I., sultan, II. 63.

Seminole War, III. 143.

Scniiramis, queen of Assyria, I. 48.

Semites, why so called, I. 0; influence in

religion, 7; subdivisions of, 7.

Senate, Athenian, VII. 20; old and new
distingnishud, 20.

Senate, Roman, I. 230; in the time of the
Gracchi, 230.
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Senebier's spectral analysis, X. 130.

Seneca, philosopher, I. 261.

Senefelder, A., discovers lithographic art,

X 396
Senlis, city in France, battle at, V. 108;

truce of, VII. 168.

Sennacherib, king of Assyria, I. 32, 49-50;
attacks Judah, 59.

Septuaginta, Greek translation of the Old
Testament, I. 61, 131 ; V. 4.

Serapeum. See Alexandria, library at.

Seringapatam, battle of, VI. 330.

Serpent Mound, X. 298; description of,

298; dimensions of, 298.

Serrano, Marshal, II. 380.

Seiria and Turkey, II. 367.

8eso3tri3. See Ramesis the Great.

Sestus, VI. 12.

Seven Weeks' War, II. 314.

Seven Years' War, VI. 225-46.

Seventeenth century, leading events of,

IX. 1, 6.

Severus, A., Roman emperor, I. 275.

Seward, W. H., III. 187.

Sewall, Arthur, III. 351.

Sewing machines, manufacture of in the

U. S., X. 85; date of invention, 85; first

patented in England, 83; Howe-Singer
case, 87; perfected by Wilson, 87;
Singer's treadle, 88; patents on im-

provements, 88; uses of, 88-9; cheap-
ening of clothing, 89; in shoemaking,
89-90.

Sextius, L., plebeian tribune, I. 200-1.

Bhafter, at Santiago, III. 377.

Shah, Jehan, Mogul emperor, I. 19.

Shakespere, William, II. 75; his plays,
76.

Khalmaneser, Assyrian king, I. 48.

Shalmeser, II, king of Assyria, I. 49.

Shanutz, battle at, VI. 167.

Shannon, W., governor of Kansas, III.

216.

Sharpe, Gen., VIII. 10.

Sharpsburg, battle at, III. 253; VI. 491.

^hatryas, Hindoo caste, I. 18.

Shaw, R., traverses E. Turkestan, X. 321.

Shelley, Percy, IX. 34; his lyrical faculty,

35; education, 35; marries Harriett

Westbrook, 35; his work, 35-6; death of,

36; his character, 36.

Shelton, Sarah, marries Patrick Henry,
VIII. 128.

Shenandoah Valley, struggle for posses-
sion of, III. 265.

Sherman, Chas. R., VI. 436.

Sherman, John, III. 2:;3,353; VI. 429.

Sherman, Thos. E., VI. 440.

Sherman, W. T., VI. 425; education, 426-,

marries, 429; at beginning of Civil

War, 430; with Grant, 433; his march
to Atlanta, 437; after the war, 439;
death of, 440; III. 251.

Sherman Act, passed, III. 341.

Shields, James III. 188.

Shiloh, lattlt- at, VI. 455.

Shin.ir, see Babylonia.
Shipping, Mulhall's statistics of, X. 39.

Shirley, governor of Massachusetts, VIII.

11.

Shlshiik, king of Egypt, takes Jerusalem,
I. 32.

Shoemaking, use of machines in, X. 90.

Shorthand, Improvement In, X. 62; Pit-
man's system, 62; high records, 63.

Shu-King, Chinese sacred book, I. 11.

Siam, II. 459-60.

Sicily, by whom inhabited, I. 178.

Siddharta, see Gautama.
Sidon, Phoenician city, I. 64-65.

Siemens, W., electric furnace, X. 128; his

dynamo, 143-4 ; regenerating furnace,

166; his steel producing process, 169.

Sienkiewicz, Henryk, Polish novelist, IX.

370-1; education and life of, 370; his

"Quo Vadis," 371.

Sieverhausen, battle at, VII. 241.

Sieyes, E., French politician, VI. 308.

Sigourney, Mrs., her poem on Mary Wash-
ington, V. 282-3.

Sigsbee, Chas. D., III. 358.

Silesia, captured by Frederick, V. 292;
VI. 225.

Silk, introduced into Europe, I. 422; VII.

118.

Silver, X. 175; output of compared with
that of gold, 175.

Simier, emissary of Catherine de Medici,
V. 210; plot to assassinate him, 210.

Simms, W. G., IX. 461; his novels, 462.

Simon Maccabaeus, I. 61.

ijimonides, Greek poet, I. 169.

Simplon tunnel, X. 71.

Simpson, Hannah, VI. 443.

Simpson, J. , inaugurates chloroform as

anaesthetic, X. 347; anecdote, 347; op-

position to, 348.

Sindhia, Indian chieftain, VI. 332.

Singer's sewing machine, X. 88.

Sioux, uprisings of, III. 295.

Sirins, light from, X. 284; moving from

the earth, 281.

Siva, Hindoo deity, I.
19.^

"Six weeks' war," VI. 377.

Sixteenth century, leading events of, IX.

1, 5.

Sixtus IV, pope, quarrels with Isabella,

V. 143; his bull against heresy, 144.

Skelton, Martha, VI II. 152.

Skepticism, IV. 141, 285; of Hume, 286;

of Pyrrho, 286, 290.

Skeptics, doctrines of, IV. 146.

Skin-grafting, X. 351.

Sky-scrapers, see Buildings, tall.

Slavata, Wallenstein'a guardian, VI. 161.

Slavery in America, VIII. 279, 285, 286,

,'{27; III. 208.

Slaves, I. 296-7.

Slavonic states, founding of, I. 328-9.

Slidell, John, III. 257.

Slossnn. A. T.. IX. 508.

Slot machines, various kinds of, X. 106-7.

Slowacki, Julius, Polish poet, IX. 369;

mysticism of, 369.

Smalkalde League, VII. 225; broken up,

236.

Small, W., VIII. 150.

Smallpox and vaccination, X. 363.

Smerdis, brother of Cambyses, I. 73.

Smith, Abigail, married to John Adams,
VIII. 108; 111, 117, death of, 125.

Smith, Adam, II. 211.

Smith, Alexander, IX. 96.

Smith, Caleb, secretary of th inUrior,

III. 241.

Smith, Elihu, his coUcti l Amrion
poems, IX. 400.
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Smith, Q., discovers biblical tablets, X.
292.

Smith, Hoke, secretary of the interior, III.
347.

Smith, John, III. 10; and Pocahontas, 10.

Smith, Robert, secretary of state, III. 122;
VIII. 174.

Smith, Samuel, III. 122.

Smith, Sydney, founds "Edinburgh Re-
view," IX. 19; his writings, 51; private
life, 61.

Smith, W., "father of geology," X. 259;
his law of stratification, 259.

Smith's cantilever bridge, X. 68.
Smithsonian Institution, bureau of eth-

nology, publishes reports, X. 297; work
of, 298.

Smolenok, battle of. VI. 319.
Smyrna, city in Asia Minor, I. 143.
Social problems, solution of, X. 9.

"Social Statics," Spencer's IX. 170.
Social war, of Rome. See Marsic war.
Socialism, influenced by Hegelianism, IV.

330; in Germany, IX. 338-9.

Socialists, in Germany, II. 345.

Socrates, I. 165; IV. 63; his youth, 64;
marries, 65; quarrels with Xanthippe,
66; his persor >1 appearance, 67; his

beliefs, 69; habits, 70; character, 71;
conduct, 72; senatorial career, 74; death
of, 74; his philosophy, 75; compared
with Plato, 80; his friendship with
Aspasia, V. 30.

Soderini, Piero, VII. 1T6.
Sogdian rock, VI. 37.
Solar spectrum, X. 282.

Solferino, battle at, II. 321.
Soiiman I, sultan, I. 344; defeated by

crusaders, 345.
Soiiman II., sultan, II. 63.
"Soil und Haben," Freytag's, IX. 324.

Soloman, king of Israel, I. 38; marries
an Egyptian princess, 58; allies himself
with Hiram, 58; wealth and commerce
of, 68 ; death of, 58.

Soloman, Hayne, and Madison, VIII. 183.

Solon, chosen archon, I. 102; his legisla-

tion, 103; travels abroad, 103; value of
his institutions, 115; VII. 13-23; family
of, 13; early writings of, 13; his begin-
ning public life, 14; prominence of, 15;
elected archon, 17; reforms of, 17-18;
draws up a new constitution, 18-20; laws
of, 20-22; leaves Athens, 23; return of,

23; death of, 23.

Soltikoff, Catherine's fondness of, V. 329;
death of, 337; VI. 240, 242.

Solyman, sultan, VII. 226; his expedition,
226.

Somers, Richard, III. 106.
"Sons of Liberty," VIII. 94.

Soor, battle of, VI. 229-30.

Sophists, doctrines of the, IV. 60; right
and wrong, 60; their success, 61.

Sophocles, Greek dramatist, I. 161.

Sophroniscus, father of Socrates, IV. 63.

Soter, Demetrius. See Demetrius Soter.

Soul, Gautama's conception of, IV. 25.

Soult, French general, VI. 335. 336.
South African republic. See Transvaal.
South America, explorations in, X. 325;
von Humboldt, 325; Pentland's discov-

eries, 326; extent of explorations, 327;
countries of, III. 291.

South Carolina exposition, VIII. 311.
South Carolina nullifies tariff bills, III.

158; secedes, 1861, III. 235.
Southey, R., IX. 45; as a poet, 45; youth

of, 46; marries Edith Fricker, 46; his

poems, 47; domestic life of, 48; second
marriage, 48; death of, 48; his work,
48.

Spain, subjugated by Romans, I. 222; de-
cadence of, II. 375; Isabella's reign,

880; republic, 383; Carlist wars, 385;
and the reformation, 18; divisions of,
V. 128; Moors in, 128; condition of,

134; capitulation of, VI. 317; defeat
of French army in, 320; war with the
French in, 334-9.

Spanish-American War, III. 356; prepar-
ations, 367; battle of Manila, 871;
Santiago, 374; destruction of Cervera's
fleet, 378; peace declared, 880; results,

382; torpedo boats in, X. 373; naval
battles of, 375; smokeless powder tested ,

377; possibility of privateering in, 383;
Mauser bullet tested, 385.

Spanish drama, IX. 390-1.

Spanish explorations, in America, III. 6.

Spanish literature, IX. 383-91.

Sparta, I. 96; institutions of, 97-100; Ly-
curgus, 97; ascendancy of, 105; com-
pared to Athens, 115; Peloponnesian
war, 117; success of, 121; conquered by
Philopoemon, 140; rising of Helots in,
VII. 66; assisted by Athens, 66; wars
with Athens, 70, 77-80; VI. 5; position
of women in, V. 25.

Spartans, I. 96; three classes of, 96; their

institutions, 97-100; at Thermopylae,
109.

Specialization, in medicine, X. 357.

Specie payments, resumption of. III. 324.

"Spectator," founded, IX. 133.

Spectroscope, invented, X. 281; discoveries

by, 284.

Spectrum analysis, X. 280; Newton's ex-

periments, 280; Fraunhofer's investiga-
tions, 280.

Spedding, James, English biographer, IV.
204.

Speke, African explorer, X. 306; discovers
Muta Nzige, 307.

Spencer, Herbert, his definition of philog-

ophy, IV. 2; on materialism, 242;
359; his synthetic philosophy, 360; his

education, 361; as a civil engineer, 862;
early writings, 362; his habits, 364;
works of, 367; his system, 368; IX. 170:
Us writings, 170-2; his philosophy, 172;
his work in evolution, X. 254; philo-

sophical mind of, 255; his use of "evolu-

tion," 256; establishes connection be-

tween physics, biology and psychology,
258.

Sphinx, the great, I. 36.

Spielhagen, Friedrich, works of, IX. S28;
his "Problematic Natures"; his transla-

tion of Emerson, 328.

Spinoza, Benedict, II. 158; IV. 2G3-72;
birth and education of, 263-66; disbelief

of and excommunication from the syn-

agogue, 266, 267; as a grinder of glass

lenses, 268; his study of philosophy,
268; his work on Descartes, 208; inde-

pendent character of, 268-9; death of.
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269; personal disposition of, 270; relig-
ion of, 271; teachings of, 271-2; phi-
losophy of, 272.

Spitamenes, VI. 36.

Spohr, L., German composer, II. 439.

Sporades, islands in Aegean sea, I. 87.

Stael, Madame de, IX. 204-7; family of,
204 ; marriage of, "04 ; influence of in

politics, 205; is banished, 205; her "Cor-
inne," 205; admiration of for Germany,
206; literary fame of, 206-7.

Stamp Act, passed, III, 42; repealed, 46;
VIII. 57, 9.

Stamps, postage, first use of, X. 44.

Standish, Miles, III. 17.

Stanhope press, X. 390.

Stanley, A. P., IX. 125; his "Jewish
Church," 126.

Stanley, H., sent by X. Y. Herald, X.
306; finds Livingstone, 306; relieves
Emin Pasha, 307

;
his Congo expedition,

307; results of, 307.

Stanton, Edwin M., III. 279.
Star Chamber, I. 383.
"Star of the West," fired on, III. 238.
Star Route trials, III. 320.
"Star Spangled Banner," written. III.

lot,.

Stark, John, III. 59.

Stars, distance of, from earth, X. 270;
spectra of, 283; composition of, 284.

Stateira, daughter of Darius, wife of Alex-
ander, VI. 42.

Bteam-engine, X. 77; saving of fuel, 77;
invention of, 78; high-pressure, 78;
triple-expansion, 78.

Steam-hammer, X. 80-83.

Steam-power, increase in use of, X. 4, 80.

Steamships, X. 31
; Fitch's claim. 31

;

Fulton's "Clermont," 31; first trial of,

31; dimensions of, 32; Enterprise built,

32; influence of on inland transporta-
tion, 32; first steamer on Allegheny
river, 33; first Atlantic, 33; screw pro-
peller, 34-35; "Great Britain" built of

iron, 35; water-tight compartments, 36;
increase of speed, 36; =ize, 37; improve-
ments in, ;;7-.';s.

Stearns' duplex system, X. 51.

Stedman, E. C., IX. 489; his writings,
489.

Steele, Richard, VIII. 45.

Stein, Baron, II. 307.

Stein, Heinrich von, German statesman,
L\. 300.

Steinheil's telegraphic line, X. 46.

Stendhal. See Beyle, II.

Stephen of Blois, king of England, I. F,01.

Stephen, count of Chartres, I. 343.

Stephens, Alexander, III. 191 : VIII. 314.

Stcphenson, G., his first locomotive, X. 17.

Stereotyping, process, X. 410.

Sterling, -iegc anil surrender of, VI. 147.

Sterne's "Tristram Shandy," IX. 8.

Stenben, drills American troops, VIII. 24.

Stevens, advocates screw vessel, X. 309;
builds armor-plated vessel, 30',).

Stevenson, Adlai K., III. 346.

Stevenson, R. L., IX. 1S7; early writing?,
1S7; "Jekyl and Hyde," 188; death of,

188; his style, 189.

Btilioho, Roman general, nbly dcfjnd-i em
pire, I. 284; defeuts Visigoths, 284 ;

executed, 2S5.

Stilpo, the Megaric, IV. 135.
Stock breeding, X. 189-90; its good re-

sults, 190; extraordinary prices follow,
190; value of milch cows in U. S., 160;
other domestic animals improved by
breeding. 190.

Stockton, F. E., IX. 493; his writings,
493.

Stoddard, R. H., IX. 458; his writings,
459.

Stoic school, IV. 133; deriviation of name,
133.

Stoicism, IV. 133, 139; influence of, upon
Roman history, 141.

Stokes, James H., VI. 445.
Stone lifting crane, Peterhead, Scotland,

X. 108-9.

Stones, precious, discoveries of in America,
X. 181.

Stonewall Brigade, Jackson's, VI. 479.

Stony Point, capture of, III. 62.

Storage battery, X. 154.
"Storm and Stress" period, IX. 12.

Stormont, Lord, and Franklin, VIII. 70.

Stowe, H. B., IX. 453; her "Uncle Tom's
Cabin," 454; other tales, 455.

Strabo, Greek geographer, VI. 18.

Strahan, Franklin's letter to, VIII. 67.

Stralsund, siege of, VI. 172.
Street's engine, X. 79.

Streeter, Alson J., III. 340.
Street railways, X. 24; early horse cars,

24; cable cars, 25; electric cars, 25; use
of compressed air, 241.

Strong, Cabel, VIII. 105.

Stuart, explores Darling and Murray rivers,
X. 327.

Stuart, J. E. B., III. 261.

Stuart, John T., VIII. 324.

Stnyvesant, Peter, III. 25.

Suabian line, I. 384.
Suabian school in literature, IX. 317.
Submarine navigation, X. 40.

Suddhodana, father of Gautama, IV. 10.

Sudras, Hindoo caste, I. 18.

Suetonius, historian, I. 263; VII 110.
Suez canal, mentioned by Herodotu.s, X.

73; Lesseps' canal, 7.'i
; saving in time

by, 73; history, 73; dimensions, 74.

Sugar, artificial, X. 217.

Sugar-making, old and new, X. 109-10;
use of centrifugal in, 110.

Sully, marshal of France, II. 32.

Snlpiiius, Roman tribune, VI. 64-5.

Sulla. Roman general, I. 233; struggles
with Marine, 234; his proscriptions. 234;
made dictator, 234; death of, 234; his

power in Rome. VI. 65-7; death of, (58.

Sumiic-r, Chas., III. 220; VIII. 386-9<i;
birth and education of, 386-7; de-

scription of, 387; his stay abroad, 3SS;
great friends of, 388; anti-slavery fight

of, 389; joins frce-soilers, 389; electe:!

U. S. senator, 389; his philippic
against slavery. 390-1 ; attacked in c en-

ate, 391; sufferings of, 392; his "Bar-
barism of Slavery." 39.'!-4; hN theory
Of state suicide, 395; death of, 390

Sumter, Fort, fired on, III. 243.

Sun, composition of, X. 2s2 ; dimensions
of, 283; heat from, 283; distance from
earth, 283.

Superstition, Greek, I. 153.

Suiat, battle of, II. 453.
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Surenas Parthian general, I. 240; defeats

Craasna, 240.

Surgery modern, X. 352 ;
wonders of, 352 ;

needlework, 352; electricity in, 353;
delicata instruments, 3M; Roentgen
rays, 354.

Busa, capital of Elam, I. 49, 74, 79; VI.

31.

Suwaroff, captures PugatcheS, V. 340; be-

sieges Warsaw, 343.

Suzerain, definition of, I. 404.

Swain's turbine, X. 82-3.

Swedes, army of invades Prussia, VI. 236.

Swedish literature, IX. 353-7; romanticism

in, 353.

Sweitar, Van, Maria Theresa's court physi-
cian, V. 298.

Swett, Leonard, VIII. 343.

Sweyn, king of Denmark, I. 332.

Swinburne, A., IX. 162; education, 166;
poems, 166; other works, 167.

Switzerland, beginnings of, I. 386; federa-

tion, II. 288.

Sybel, Heinrich von, historian, works of,

IX. 336.

Site, H., opens church for deaf and
dumb, X. 340.

Sylvester II, pope, I. 412.

Symonds, J. H., IX. 157; his writings,
157.

Synthetic Philosophy, Spencer's, IV. 361.

Syracuse, Sicily, attacked by Athenians,
I. 119; Gelon's rule, 145; Hieron, 145;
Dionysius, 346; becomes a republic, 147;
besieged by Marcellus, 147; becomes a
Roman province, 148.

Syria, kingdom of, I. 135; under the

Selencidae, 135; end of, 136.

Syrian Gates, VI. 20.

Tacitus, historian, I. 263; his work, 263;
account of the Finns, X. 296.

Tactics, military, improvement in, X. 376;
skirmish line, 376; machine-guns, 376.

Taine, Hippolyte, IX. 270-3; his "History
of English Literature," 271; critical

ability of, 272; as a philosopher, 273.

Taiping Rebellion, VII. 426.

"Taj Mahal" built by Shah Jehan, I. 18;
II. 449.

Talavera, battle of, VI. 335.

Talavera, Fernando of, Spanish monk, Isa-

bella's confessor, V. 144.

Tamerlane, Tartar conqueror, overruns

India, I. 18; conquests of, II. 8, 449.

Tanagra, battle of, VII. 68-9.

Tancred, crusader, I. 346.

Taney, Chief Justice, III. 225.

Tao-te-king, Chinese sacred book, I. 11.

Tarentum, city in Italy, I. 144.

Tariff bill of 1824, III. 146; of 1828, 150;
VIII. 245-6.

Tarleton, Col., in American revolution,
III. 63.

Tasman, Jan, Dutch navigator, II. 485;
discovers Van Diemen's land, 485, 490.

Tasmania, II. 489.

Taxiles, VI. 39.

Taylor, Bayard, IX. 457; his writings, 457;
appointed minister to Germany, 458.

Taylor, Zachary, III. 173; in Mexican
War, 175; presidency of, 180.

Teachers, ignorance of early, X. 332;
methods of, 332; a typical case, 332.

Technical schools, establishment of, X.
336; success of, 336.

Tecumseh, plans an uprising, III. 125; VI.
368.

Teeth, artificial, X. 359.

Tegethoff, Austrian admiral, II. 313.

Tegner, Esaias, Swedish poet, IX. 353 ;

his "Fridthjof's Saga," made a bishop,
354.

Telautograph, description of, X. 54;
Cooper's, 54.

Telegraph, first experiments with, X. 46;
Laplace's suggestion, 46; Schilling's sys-

tem, 46; Gauss establishes a line, 46;
Steinheil, 47; Wheatstone's telegraph,

47; Morse experiments, 47; failures of,

48 ; first message sent, 49 ; rapid improve-
ment in, 50; multiple transmission, 50;
Stearns' duplex system, 51 ; Gray's im-

provement, 51 ; wireless, 52 ;
Marcor.i

system, 53; apparatus, 53; use in navi-

gation, 54 ; statistics of, 52.

Telephone, a wonderful achievement, X.
58; Reis's experiment, 58; development
of, 58; Bell's telephone, 58; exhibited
at Philadelphia Centennial, 58; prin-

ciple of, 58; description of, 58; micro-

phone, 59; switchboard, 59; extension
of service, 60; long distance telephone,
61 ; novel applications of, 61 ; multiple
messages, 61; radiophone, 01.

Telescope, first, X. 285; principle of, 285;
refractors, 285 ; lenses, 286 ; discoveries

by, 286.
Telford's bridge, X. 08.

Telha, Arabian chief, opposes Ali, V. 82 4;
killed, 84.

Teller, Henry M., III. 333.

Temple, another Bastille of France, V.

379-80; description of, 380; demolished
by Napoleon, 380; serves as a prison for

Louis XVI and Marie Antoinette, 380.

Temples, Indian. I. 21.

Teniers, David, II. 167.

Tennyson, A., IX. 97; education, 97;
early efforts, 98; "In Memoriam," 98;
death of, 99; his poetry, 99.

Tenure of Office Act, III. 279.

Terence, P., Roman poet, I. 228.

Termissus, taken by Alexander, VI. 17.

Terpander, Greek musician, I. 171.

Teschen, treaty of, V. 317.

Tesla, N., his alternate-current motor, X.

146; his polyphase, 150-1; his oscillator,

153.

Tetzel, John, VII. 197.

"Teutonic mythology," Rydberg's, IX.
357.

Teutons, march upon Italy, I. 231 ; de-

feated by Marius, 232; 29(i-7.

Tewksbury, battle at, I. 381.

Texas, declares her independence, III. 162;
annexed, 172; VIII. 317.

Textile industry, evolution of, X. 91-3.

Thackeray, Wm., IX., 75; education, 75;
his "Vanity Fair," 76; visits America,
76; edits "Cornhill Magazine," 77;
personal appearance, 78.

Thales, I. 164; IV. 31; his life, 32; his

philosophy. 33.

Thaletas, Greek musician, I, 171,
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Thmet, Octave, IX. BOT.

Thanksgiving, instituted. III. 17.

TUapsus, battle of, VI. 88.

Thasos, Island of, revolts against Athens,
VII. 65; seeks help from Sparta, 66.

Thayer, Eli, III. 215.

Theatines, priestly order, II. 35.

Thebes, city on Upper Nile, I. 30; its

ruins, 35; rise of, 122; battle of

Leuctra, 123; supremacy of, 123; de-
cline of, 123; revolt of, VI. 9-10; de-

stroyed by Alexander, 11.

Themistocles, VII. 43; family of, 43;
at Marathon, 43; increases navy of

Athens, 45, 4C; compared with Aristides,

46-7; controls Athens, 47-8; cunning
tricks of, 53 ; strategy of at Salamis, 54 ;

great honor for, 55-6; fortifying Athens,
57-8; causes of his downfall, 58-9; is

banished. 59. goes to Persia, 60; death

of, 60 : treachery of, 60-1 ; builds navy,
I. 108; his victory at Salamis, 110;
gratitude due to, 112; banished from
Athens, 113

Thenard's contributions to chemistry, X.
211.

Theodatus, Gothic king, VII. 119.

Theodora, wife of Justinian, VII. 113;
her character, 114; charities, 114-5;
death, 115.

Theodoric, king of Visigoths, I. 287.

Theodorsky, minister of Catherine II,
V. 327.

Theodosius. Koman emperor, I. 283;
makes peace with Goths, 283; ends
formally paganism, 283.

Thermopylae, battle at, I. 109.

Thermuthis, Pharaoh's daughter, VII. 1-2.

Theseus, king of Athens, I. 100.

Thespis, father of Greek tragedy, I. 160.

Thessaly, VI. 5; invaded by Macedonians,
6.

Thibet explored, X. 321.

Thierry, Jacques, French historian, IX.
238-9.

Thiers, Louis Adolphe, French statesman,
historian, IX. 241; work of, 241; II.

351.
Thimmonier's sewing machine, X. 86.
Third Estate. See Tiers Etat.

Tlnrlwall, C., IX. 112; his "History," 112,

Thirty Years' War, II. 98; Wallenstein.

99; Gustavus Adolphus, 100; Treaty of

Westphalia, 102; dismemberment of

Germany, 103.

Thomas, Lorenzo, appointed secretary of

war, III. 280.

Thomson, Chas., VIII. 136.

Thomson, W., verifies Joule's theory, X.
228.

Thoreau, H. D., IX. 476; his writings,
476.

Thorwaldsen, B., Danish sculptor, II. 413.
Thrace, Thracians, defeated by Alexander,

VI. 6.

Threshing machines, X. 198; former and
present ones, 198.

Thucydides, Athenian statesman, hts op-
position to Pericles, VII. 71.

Thurydides, historian, I. 163.

Tluile, asteroid, distance of, from un,
X. 277.

Thurii, Greek city, I. 145.
Thuni. Count, VI. 164.

Tiberius, ernperor of Rome, I. 268.

Xibullua, Roman poet, I. 250.

Ticinus, battle of, VI. 5a
Ticonderoga, capture of, III. 53.

Tieck, Ludwig, German novelist, IX. 293-
5; mediaevalism of, 294; literary career

of, 294-5; romantic tendency of, 295.
Tien-tsin, massacre of, VII. 434.
Tiers Etat, created, I. 374.

Tiglath-Pileser, king of Assyria, 1. 49.

Tiglath-Pileser II, king of Assyria, I.

49; conquers Babylon, 49; extends the
empire, 49; captives the Joidan tribes,
59.

Tigris and Euphrates valleys, fertility of, I.

23; VI. 28.

Tilden, 8. J., nominated for president,
III. 305.

Tilden-Hayes contest, III. 305.
Tilsit, treaty of, VI. 316.

Timanthes, Greek painter, I. 170.
Timoleon, ruler of Syracuse, I. 146; ex

pels Dionysius, 147; his victories, 147.

Timotheus, Greek musician, I. 171.

Timour, the Tartar. See Tamerlane.
Timrod, H., poet, IX. 464.
Tin plate industry, X. 179-80; how af-

fected by tariff, 179.

Tintoretto, II. 93; his work, 93.

Tippecanoe, battle at, III. 125.

Tippoo, sultan of Mysore, II. 454; VI. 330.
Titelmann, Peter, inquisitor in Nether-

lands, VII. 257, 258.
Titian, II. 92; his work, 93.
Titus, emperor of Rome, I. 270; destroy;

Jerusalem, 62, 270; his reign, 271.
Tocqueville, Alexis de, French Msturian.

his "Democratie en Amerique, IX.
242; character of, 242.

Tod, Geo., receives Grant into his family,
VI. 443.

Todd, Dorothea, becomes "Dolly Madi-
son," VIII. 192.

Tcdd, Mary, married to Lincoln, VIII
325.

Tollins, his explanation of "thunde 1--

bolts," X. 293.

Tolosa, battle at, I. 392.
Tolstoi, Lyof, IX. 365-8; social reforms

of, 365; early life of, 365-6; his "War
and Peace" and "Anna Karenina,"
366; life and work of, 366-7; "Kreu'zer
Sonata," religious views of, 307.

Tompkins, D. D., III. 141.

Tonquin, II. 460-1.
Tooke's account of Russia, V. 323.
Tools, cheapened by improved machinery

X. 94; primitive, 293.
Topelius, Zacharias, Finnish poet, his

"Surgeon's Stories," IX. 350.

Toral, surrenders to Shafter, III. 378.
Torches, what made of, X. 119.

Tories, in the revolution. III. 52; and
Geo. Washington, VIII. 17.

Toro, in Spain, battle at, V. 137.

Torpedoes, development of, X. 372 ;

Whitehead, 373; description of, 373;
defensive, 374; torpedo-boats, 374.

Torpedo-boats, X. 373; in Spanish-Am-
erican war, 374; qualifications ot, 374;
description of, 374.

Torquemada, inquisitor, II. 39; confessor
of Isabella, V. 127; number of hia

victims, 146; death of, 147.
Torricelli's barometer, II. 162.

Toulon, captured from the revolutionist*.
VI. 290.

Touasaint, general, VI. 350, 381.
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Tower bridge, opening of, II. 432.
Town meeting, New England, VIII. 85.

Townshend Acts, III. 46; VIII. 60.

Towton, battle at, I. 381.
Trade schools. See Industrial schools.

Trafalgar, battle of, II. 260; X. 368; VI.
282-5.

Trajan, emperor of Rome, I. 271.
Transcendentalism in New England, IX.

417.

Transmigration, Buddhistic doctrine of,

IV. 24.

Transportation^ improvement in methods
of, X. 14.

Transvaal republic, II. 425, 432; historic
account of, 482; independence of recog-
nized, 483; Jameson's raid, 483.

Trauttmansdorff, count, and Wallenstein,
VI. 184.

Treaty of Paris. Ed. 381.

Treaty of Washington, III. 288.
TreHa, battle of, VI. 53.

Treitschke, Heinrich, historian, scientific
and political career of, IX. 336; works
of, 337.

Tremouille, La, VII. 190.
Trent Affair, III. 257.
Trent, Council of, II. 40; VII. 234, 258.
Tien ton, taken by Washington, VIII. 19.
Trevelyan, George, II. 427, 428.
Tievithick's locomotive, X. 16.

Triballi, VI. 6-7, 8.

Tribonian, Eoman jurist, merit of judicial
system, I. 302; VII. 124.

Tribuni Plebis. I. 198.

Tribur, diet of, VII. 152.

Triple Alliance, VII. 421.
Tripler's experiments with liquefied air,

X. 242; his claims, 243; method of, 244
Trist, Nicholas, III. 176.
"Tristram Shandy," IX. 8.

Triumph, Roman, I. 194-5.

Triumvirate, Second, I. 248; proscription
lists, 248; Roman world divided by,
249; VII. 96-8.

Trojan War, account of, I. 89.

Trolley line, X. 142.

Trollope, Anthony, IX, 87; his stories, 87;
other works, 88.

Trollope, Frances, IX. 87.

Trollope, T. H., IX. 87.

Troppau, congress at, II. 278.
Trotting horse, X. 190.

Troubadours, I. 437.
Troy, VI. 13.

Tiueba y Cosio, Telesforo, Spanish writer.
IX. 385.

Trumbull, John, American poet, IX. 398.
"Trumpeter of Sackingen," Scheffel's,

IX. 341.
Trusts in the U. 3., III. 387.
Tseng Kwofan, VII. 426.
Tuckey, explores Congo, X. 304.
Tudor dynasty, founded, I. 382; II. 51.
Tudor, W., first editor "North American

Review," IX. 419.
Tuileries, attack on by mob, V. 377-8; is

pillaged, 379.

Tunneling, simplified by modem engi-
neering, X. 70; Mont Cenis tunnel, 70;
Couch's rock drill, 70; statistics, 70;
rock-boring machines, 71 ; hydraulic ma-
chines, 71-72; danger of flooding, 72.

Turbines, X. 82-83.

Turenue, general, U, 113,

Turgenleff, Ivan, Russian novelist, IX.
364-5; realism of, 364; education of,

364; inventor of the word "Nihilism,"
364 ; works of, 364-5.

Turgot, minister of France, II. 232; on
Franklin, VIII. 41.

Turkey, decline of, II. 194; condition of.
359.

Turks, Turkey, empire of the SeljuMan, I.

340; conquer Syria and Palestine, 340;
rule Asia Minor, 340.

Turner, J., English painter, II. 444.

Twain, Mark. See Clemens, S. L.

Tweed, W. M., III. 305.

Tyler, John, III. 167; his administration,
168; VIII. 142, 287-8.

Tyler's rebellion, I. 378.

Tyndall, J., IX. 130; his writings, 131;
orator of evolution, X. 255; work of,
255.

Typesetting machine, description of, X.
403.

Typewriter, development of, X. 63; Fol-
cault's machine, 63; present forms of,

63; speed attained with, 64.

Tyrannicide, ethics of, V. 7.

Tyrant, use of word among Greeks, I. 103.
Tyre, Phoenician city, I. 64; taken by

Nebuchadnezzar, 64; under Persia, 65;
taken by Alexander, 65; her sea-power,
65; sieged by Sargon, 65; VI, 24-7.

U
"Deber Land und Meer," IX. 325.

Uhland, Ludwig, German poet, IX. 317.
Ulphilas, Gothic bishop, I. 282.
"Uncle Brasig," IX. 327.
Union Pacific Railroad, III. 291 ; scandals

connected with, 292; cost of, 293.
Unionist party, formed, VII. 365.
United Colonies of New England, III. 20.
U. S. Congress, 45th, III. 319.
United States, development of, X. 13;

education in, 329; Pennsylvania, 329;
Connecticut, 330; Massachusetts, 330;
Department of Education, 330; Geo-
logical survey, 272; organization, 272;
what it has accomplished, 273; geology
of, 264.

Universal postal union, established, X.
45; extension of, 45.

Universities, in the Middle Ages, I. 432.

University extension, X. 335; purpose of,

336; success, 336.

University of Pennsylvania, VIII. 48.

Uranus, planet, discovered 1781, X. 2.

Urban II, pope, I. 310-2; encourages
crusaders, 340; summons council at

Clermont, 341.

Ur-Gur, records of, discovered, X. 292.

d'Urville, D., discovers Terre Adelie, X.
319.

Uruguay, statistics of, III. 391.

U. S. Congress, first. III. 78; second, 81;
fourth, 85.

Ussher's Bible chronology, X. 293.

Utrecht, peace of, II. 123.

Uxians, VI. 31-32; defeat of, 32.

V
Vaccination, begins, X. 362; prejudice

against, 362; good accomplished, 363;
statistics of, 363.
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Vagaos, Holofernes's eunuch, V. 17. See
also Bagaoe.

Vaisyas, Hindoo caste, I. 18.

Valdes, Armando, Spanish novelist, IX.
389-90; his "Martha and Mary," 389;
realism of, 389-00.

Valence, Aymer de, VI. 150
Valenciennes, siege of, VII. 262.

Valens, Roman emperor, I. 282, 283.

Valentia, city in Spain, VII. 215.

Valentinian, Roman emperor, I. 282.

Valera, Juan, Spanish writer, IX. 387-8;
style of, 388.

Valerian, P., Roman emperor, I. 275-6;
defeated by Persians, 276; persecutes
Christians, 280.

Valerian law, I. 199-200, 203.

Valley Forge, winter at, III. 61; VIII. 23.

Valmy, cannonade of, II. 242.
Van Braam, J. , teaches Washington mili-

tary tactics, VIII. 8.

Van Buren, Martin, III. 163; his adminis-
tration, 164; VIII. 246, 251-2.

Vandals, I. 276-7, 285; are pillaging
Rome, 287-8: invade Spain, Africa, 297;
defeated by Remans, 303.

Vanden Ende, Francis, IV. 266.
Van Dyck, II. 166.

Vane, Henry, English statesman, VI. 212.

Vane, Walter, English diplomatist, IV.
254.

Van Eyck, painter, I. 442.

"Vanity Fair," IX. 76.

Van Xess, W. P., and the Hamilton-
Burr controversy, VIII. 209.

Van Rensselaer, Gen., in War of 1812,
III. 129.

Van Zandt slavery case, VIII. 373.

Varro, Caius Teientius, Roman general,
defeated at Cannae, VI. 55-6.

Varro, Roman scholar, I. 253.

Varus, Quintilius, I. 264 ; defeated by Ger-
mans, 265, VII. 108; death of, 266.

Vatican Library founded, II. 69.

Vauban. millitary engines, II. 113.

Vaux, Clotilde de, and Comte, IV. 347.
Vedanta school of philosophy, IV. 7.

Vedas, sacred book of India, I. 19; IV. 4.

Vega, Lope de, II. 74.

Vcii, Etrurian city, I. 205; taken by
Rome, 205.

Venerable Bede. See Bede.
Venetians, take Constantinople, I. 352.
Venezuela Question, II. 433-4; III. 350.

Venice, government of, I. 389; Council of

Ten, 389; commerce of, 421; IV. 196-7;
VI. 301.

Vera Cruz, capture of, III. 175.

Vercellae, battlo at, I. 232.

Vcrcingetorix, Gallic chief, I. 196; 241;
VI. 75.

Verdi, G. t Italian composer, II. 441.
VIM dun, treaty of, I. 325.

Verestchagin, V. , Russian painter, II. 444.

Vergennes, C., VIII. 74, 75; outwitted by
Frnnklin, 77.

Vergennes, C. G., statesman, V. 362; and
John Adams, VIII. 119.

Verlaine, Paul, French poet, IX. 266-7;
stormy life of, 266-7; true lyric of, 267.

Vermond, M. J., V. 351
; advisor of Marie

Antoinette, .'551; his reforms of eti-

quette, 358.

Verne, Jules, French author, IX. 259.

Vernet, Horace, French painter, II. 442;
his "Judith and Holofemes," V. 22.

Verneuil, chemist, produces artificial

rubies, X. 220.

Vernon, Admiral, VIII. 7.

Veronese, Paul. II. 93.

Verri, P., Maria Theresa's minister, V.

312.

Vespasian, emperor of Borne, I. 270 ; events
of his reign, 270.

Vespucius, Americus, III. 5.

A'esta, diameter of, X. 278.

Vesuvius, eruption of, I. 261.

Viaud, Jules, French author, IX. 263.

Vicksburg, siege of, III. 263; VI. 456.

Victorie, "rag," daughter of Louis XV,
V. 352, 376.

Victor Emmanuel, king of Italy, II. 319;
and Garibaldi, VI. 391.

Victoria, queen of England, V. 415-35;
education of, 416; is proclaimed queen,

417; coronation ceremonies of, 417-19;
announces her coming marriage, 421 ;

wedding of, 421 ; attempts on life of,

421; first child of, 422; how many chil-

dren of, 422; friend of Jews, 422; visits

French and Belgium, 423; builds Bal-

moral, 423; her quarrel with Palmer-

ston, 424 ; remarkable document of to

Russell, 425; gets Palmer.ston out of

cabinet, 426; is proclaimed empress of

India, 426; institutes Victoria cross,

426; distributes the cross, 427; erects

a sepulchral monument for her hus-

band, 427-28; visited by Turkish sul-

tan, 428; writes a book, 42S; many
wars of, 42S ; wants peace, 428

; great
value of to her nation, 429; her castles,

429; well informed of politics, 429;

golden jubilee of, 429-31 ; receives ad-

dress from British-born persons, 430;
home life of, 431-33; where she spends
Christmas, 433 ; her books on life in

the Highlands, 433 ;
her ministries, 434 ;

not friendly to democracy, 434; reign of,

II. 405-.H6; compared with that of Eliza-

beth, -105-6; her marriage, 407; Chinese
war under, 408; struggle on tariff un-

der, 408-11; good laws under, 420-22;
policy in India, 423; title of empfess
of India, 423; war in Afghanistan and
South Africa, 425; her policy toward
Ireland, 425-31; suffrage bill passed,
420; Bering sea award, 432; diamond
jubilee of, 434 ; short account of her

reign, 434-6.

Victoria Adelaide, daughter of Quuen
Victoria, empress of Germany, V. 422.

Victoria, colony of, II. 488; wool export
from, 488.

Victorian literature, characteristics of, IX.
67.

Vienna, treaty of, VI. 315.

Vieville, favorite of Louis XIII, VII. 289.

Vigny, Alfred de, French writer, IX. 214-

5; different opinions of, 215.

Villafranca. peace of, VI. 393.

Villainage in England, I. 378.

Villemain, Abel, French critic, IX. 236-7.

Villenetivc, Napoleon's general, II. 259.

Vinci, Leonardo da, I. 391; II. 88.

Virgil, I. 227, 257; aided by Maecenas,
257; his works, 258.

Virginia, as a colony, III. 12.
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"Virginia resolves." moved by Patrick

Henry, VIII. 133.

Virginius. seizure of. III. 356.

Vishu, Hindoo deity, I. 19.

Visigoths, 1.282, 283, 285, 287; kingdom
of, 208; overthrown by Saracens, 298.

Vitellius, emperor of Rome, I. 270.

Vitiges, Gothic general VII. 119.
"Vivian Grey," analysis of, VII. 328.

Voelter's improvement of paper industry,
X. 103-4.

Vogue, Eugene, French writer, IX. 273-4 ;

influence of, 274.

Volkman, W., experiments with helio-

graph, X. 379.

Volney, Count de, see Chasseboeuf.
\ olsei, I. 205.

Volta's pile, II. 205; X. 139-40.

Voltaire, II. 207; and Franklin, VIII. 73;
IX. 9.

Vulcanists, their theory, X. 260.

Vulgate Bible, I. 414.

Vyas, Hindu philosopher, IV. 7.

W
Wade, Thos., VII. 437.

Wagner, Richard, II. 439.

Wagram, battle at, II. 265; VI. 317.

Waldenses, religious sect. I. 424.

\Valdstein, Albrecht von. See Wallen-
stein.

W'alewska, countess, V. 411; her son
with Napoleon, 411.

Wales, conquest of, I. 3G8; conditions of

people in, 368-9.

Walker, Isaac P., III. 190.

Walker, J., chemist, inventor of fire get-

ting implement (congreve), X. 116, 117.

Walker, Robert J., III. 226.

Walker, Win. III. 220.

Wallace, A. R., reads paper before Lin-
nean Society, X. 249; and Darwin, 251;
his "Law of Species," 251.

Wallace, Lewis, in the Civil War, III.

51; his writings, IX. 487.

Wallace, William, Scottish patriot, VI.

146, 147; execution of, 148.

WiiUenstein, VI. 160; youth, 161; mar-
ries, 162; enters army, 164; his battles,

105; obtains duchy of Mecklenburg,
171; death of, 186; II. 99.

Walpole, II., and Franklin, VIII. 67.

Walpole, Robert, II. 184; his administra-
tions. 186.

Walpole's "Castle of Otranto, IX. 8.

Valsingham, Elizabeth's secretary of state,

V. 2*5; entraps conspirators, 215.

Walter press, X. 390.

Walton, Valentine, VI. 201.

Wanamaker, John, III. 341.

War, evolution of science of, X. 366; in

the Middle Ages, 366; naval, 3G7; iron-

clads, 370; torpedoes, 372; army ord-

nance, 375; explosives, 376; heliography,

379; privateering, 380; military punish-

ments, 383; destructiveness of modern,
384; abolition of, 386; laws of, 385.

War of 1812, III. 126; plan of campaign,

128; sea-fights, 129; battle of New
Orleans, 139; end of, 140; VI. 356-70.

War of the Roses, I. 30.
War of the Spanish Succession, II. 121.

Ward's "Dynamic Sociology," IV. 350.

Ward, Edward M., English painter, II.

444.

Ward, E. S. P., IX. 505; her writings,
506.

Ward, Mrs. Humphrey, IX. 191 ; her

"Robert Elsmere," 191; other novels,
192.

Warner, C. D., IX. 499; his writings, 500.

Warren, J., VIII. 4, 102; in Bunker Hill

battle, III. 55.

Warsaw, occupation of, VI. 316.

Warwick, earl of, the King Maker, I. 380;
takes arms against Edward IV, 381;
surrenders at Barnet, 381.

Warwick, Philip, VI. 193.

Washington, Augustine, father of George
Washington, marries Mary Ball, V. 278;
his death, 278; VIII. 5.

Washington, G., VIII. 3; his greatness, 4;

parentage, 5; schooling, 6; appointed
adjutant-general, 8; accompanies Brad-

dock, 10; marries Martha Dandridge, 11;

his diary, 12; takes command of Ameri-
can troops, 16; captures Trenton, 19;
his personal appearance, 20; Valley

Forge, 23; aided by the French, 25;
surrender of Cornwallis, 28; resigns his

commission, 30; elected president, 32;
his administration, 33-6; death of, 39;
character of, V. 268; his reception at

Fredericksburg, 275; compared to the

Gracchi. 284; IX. 394-5; "made com-
mander-in-chief, III. 53; his cabinet, 74.

Washington, Lawrence, half-brother of

George, V. 269; leaves Mount Vcrnon to

him, 279; VIII. 7; marries Miss Fairfax,

7; death of, 8.

Washington, Mary, mother of G?orge
Washington, V. 208; her dignity, 268-'J;

descended from the Ball family, 269;
her home, 270; her relations to her son,
270-71 ; not favorable to the Roval

cause, 272; her doubts of success, 272;
removed to Frederick county, 272; as

housewife, 272-3; visited by her chil-

dren, 273; refuses to give of her house-

hold, 273; afraid of lightning, 274; her

piety, 274 ; sees her son again after the

war, 274-5; attends the festivities at

Fredericksburg, 275-6; Lafayette's visit,

276-7; her personality, 277; married,

278; birth of George, 278; moves to S' af-

ford county, 278; her character. 279;
death of, 279; her monument, 279-SO;
President Jackson's speech on, 280-2 ;

poem, 282; compared to Cornelia, 283.

Washington city, founded, III. 81 ; burned
by British, II 1. 137.

Washington press, X. 391.

Waste, utilization of, X. 223; coal tar,

224; glue, 224.
Wat Tyler, insurrection of, I. 378.

Watches, perfection and cheapness of, X.
98-101.

Waterloo, battle of, VI. 325, 343.

Water, the primary element, Thales'

theory of, IV. 33.

Water power, utilization of, X. 82, 234-5;
hydraulic press, 234 ; hydraulic crane,

235; water engines, 235; use of Niaga:a
Falls, 82; turbines, 82-3.

Watson, J., IX. 190; his novels, 190.

Watson, Thos., nominated for vice-presi-

dent, III. 352.
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Watson, W., IX. 168; his poems, 160.

Watt, James, II. 203; X. 78.

Waverley," published, IX. 25; its recep-
tion, 20.

Wayne, Anthony, III. 62; his Indian ex-

peditions. 80.

"Wealth of Nations," Smith's, II. 192.

Weather bureau, importance of to fanners,
X. 202-4 ; establish in U. S. , 204 ; reports

of, 204, stations sorting under, 204-5,
reliable forecasts of, 205.

Weber's telegraphic line, X. 46.

Weber, Karl, German composer, II. 438.

Webster, Daniel, VIII. 295; his youth,
296; marries, 296; early practice, 297;
in Congress, 299; debate with Hayne,
300; as Secretary of State, 303; death

of, 306; and slavery. III. 200, 211.

Webster-Hayne debate. III. 152.

Webster, Ezekiel, VIII. 301.

Webster, Fletcher, VIII. 304.

Webster, Noah, IX. 390-7; his "Diction-

ary," 397.

Webster, T., English painter, II. 444.

Wedderburn, solicitor-general, VIII. 64.

Weed, Thurlow, VIII. 337.

Weissenburg, battle of. VI. 378.

Welhaven, Johan S. C., Norwegian poet,

literary standpoint of, feud with Werge-
land, IX. 350.

Wellesley, Arthur. See Wellington, Duke
of.

Wellington, A., Duke of, VI. 320, 321,
325, 327-46; entering the army, 328; in

Flanders, 329; in India, 330; governor-
general in port of India, 332; marriage
of, 333; chief secretary for Ireland,

333; goes to Spain, 334-9; in France,
339-40; back in England, 341; at Water-
loo, 343-4; later career of, 344-G; death
of, 346; as prime minister, II. 289; V.

420; death of, 426.

Wells, E., married to Samuel Adams,
VIII. 87.

Wells, H., uses nitrous oxide as anaes-

thetic, X. 346.

Wells, \V. C. , reads paper befoie London
Royal Society, X. 252.

Welsh, J., marries Garble, IX. 119.

Wentworth, John, III. 191.

Wergeland, Henrik, Norwegian poet, IX.
349-50; personality of, 34950; patriot-
ism of, 350.

Wernberg's "Colossus," bridge over Schuyl-
kill, X. 67.

Werner, Friederich, German dramatist, IX.
299-300.

Werner's theory, X. 259; founder of Nop
tunists, 59.

Wesley, John, II. 187.
West Point Military Academy opened,

III. 108.
West Virginia, contest over, in the Civil

War, III. 245.

Westinghouse air-brake, description of, X.
230.

Westminster Review, founded, IX. 21 ; Its

contributors, 21.

Westphalia, treaty of. II. 102.

Weyler, in second Cuban war, III. 357.

WlieaUtone's telegraph, X. 47; first

opened, 47 ; captures murderer, 47.

Wheeler. Jos., at Santiago, III. 376.

Whig party, and Tyler, III. 168; course

Of, VIII. 202, 280.

Whipple, E. P., IX. 441; his writing*,
441.

Whiskey Rebellion, VIII. 34.

White, Andrew D., III. 319.
White, G., IX. 177.

"White Man's Burden," Kipling's. IX.
195.

Whitfield, George, II. 187; his preachings,
187; V. 303.

Whitman, W., IX. 479; early writings,
479; "Leaves of Grass," 480.

Whitney, Eli, III. 104.

Whitney, Win. C., III. 338.

Whittier, J. G., IX. 437; youth of, 437;
his writings, 438.

Wicklif, reformer, I. 424.

Wieland, Christoph, German poet, IX.
279; his "Oberon," 11.

Wilderness campaign, VI. 462.

Wilhelmina, queen of Holland, II. 287.
Wilkes, C., his expedition, X. 319; sight

Antarctic continent, 320.

Wilkins, Mary E., IX. 507.
William I (the Conqueror), I. 357-8, 359;

his doomsday book, 300; death of, 301;
VI. 110-134; opinions as to the date of

his birth, 110; personal traits of, 110-11;
family and early life of, 111-12; made
duke of Normandy, 112; administratiou
of, 113-4; wars in France, 115-0; his

visit to England, 110; marriage of, 117;
defeats Count of Anjou, 119; landing
of in England, 122-3; in the battle of

Hastings, 123-5; in London, 120; is

crowned king of England, 120; sup-
presses revolts, 127-9; at war with his

son, 131-2; death of, 133.

William II, Rufus, king of England, I.

361.
William III, king of England, II. 140; his

reign, 140.
William IV, king of England, V. 410.

William II of Germany, VII. 422; and
Bismarck, 422.

William IV. king of Geimany, II. 300.
William I, king of Prussia. II. 310; VII.

410; made emperor of Germany, II. 339;
VII. 418; VI. 377, 381.

William of Nassau, II. 45; his rebellion,

47; founds Republic of United Nether-

lands, 48; death of, 48 See Orange,
William of.

Williams, Roger, III. 19.

Williams, Washington's teacher, VIII. 5.

Willis Nathaniel Parker, American poet,
IX. 413-4; personality and style of, 413.

Willis, Mrs. dances minuet with Wash-
ington, V. 270.

Williston's button-machine, X. 101.

Wilmot Proviso, III. 174.

Wilson, A. B., his improvements of the

sewing machine, X. 87.

Wilson, J., founds London Economist, X.
408.

Wilson, John, IX. 52; edits "Blackwood's
Magazine," 63; his "Noc-tes Ambros-
ianae," 53.

Wilson, Robert L.. VIII. 340.

Wilson, Wm. L., Postmaster-General, III.

347.

WimpfTen, Gen., II. 336.

Winrcby, bottle at, VI. 198.

Windelband, his definition of philosophy,
IV. 2.

Windhorst, clerical leader. II. 3).5
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Windischrratz, II. 302.

Windom. Wm., III. 341.

Winthrop, John, III. 18.

\Vinthrop, R. C., elected speaker. III. 177.

Wirt, \V., IX. 461; his writings, 461; his
"Life of P. Henry," VIII. 131.

Wise, Henry A., American politician, VIII.
270.

Witenagemot, parliament of the Anglo-
Saxons . I. 357, 358.

Witikind. Saxon chief, VI. 101; defeated

by Charlemagne, 102.

Witney, battle at, VI. 205.
Wohler's synthesis of urea, X. 212.

Wolgast, battle at, VI. 172.
Wollaston's discovery. X. 130; his investi-

gations, 280.

Wolsey, Thomas, II. 52; prime minister,
52; fall of, 53.

Women, characteristics of, V. 2; education

of, 24; sequestration of, 24.

Women, education of. See Female educa-
tion.

Wood, Anthony, English writer, IV. 253,
254.

Wood, discovers L. Sirikol, X. 321.

Wood, Leonard, commands the Rough
Riders, III. 367.

Woodbury, W., X. 401; his photogravure
process, 401.

Woodford, Stewart L., III. 298.
Wool weaving industry, Improvements,
X. 93.

Woolf's steam-engine, X. 78.

Worcester, battle of. VI. 212.

Worden, John L., III. 260.

Wordsworth, W., IX. 40; his theories, 40;
childhood and youth, 41 ; reception of

liK poetry, 42; death of, 42; his work,
42.

Worms, diet at, VII. 201.

Worth, battle of, VI. 378.

Wotton, emissary of Elizabeth, V. 213.

Wright, Silas, VIII. 287.
Wulfilas. See Ulphilas.
Wurmaer, D., Austrian general, VI. 297,

298, 299.

Wyckoff, camp at. III. 379.

Wythe, Geo,, Jefferson's friend, VIII. 150.

Xanthippe, wife of Socrates, IV. 66.

Xenocrates, becomes head of the academy,
IV. 109.

Xenophon, Greek historian, his Persian

expedition, I. 76; his Anabasis, 163.

Xenophanes, founder of Eleatic School,

37; his youth, 37; his teachings. 38-40.

Xerxes, king of Persia, I. 75; in Egypt,
75; war with the Greeks, 75, 108, 110;
assassinated, 75; VII. 48.

Ximenes, F., archbishop and prime minis-

ter, V. 159; confessor of Isabella, 160;
made primate of Spain, 160-61 ; his re-

forms, 161-2; speech to Isabella, 162;
his dealings with the Moors of Granada,
163-5; later fate and death, 165; VII.

209-10.

Tale collee. IX. 392.

Yanez da Lugo, A., Spanish knight, sen-

taced to death, V. 140.

Yas, Chinese emperor, I. 11.

Yasodhaha, wife of Gautama, IV. H. Jt.
Yerkes' telescope, X. 285; dimensions of,

285; lens of, 286.

York, siege of, VI. 199.

Yorktown, siege of, III. 64; VIII. 28.

Young, Brigham, III. 228.

Young England party, VII. 335.

Young Hegelians, IV. 331.

Young, manufactures artificial socket tat

teeth, X. 359.

Young's "Night Thoughts," IX. 11.

"Young Germany," IX. 312.

"Young Italy," formed, II. 303.

Young, Th., Egyptologist, I. 28; decipher*
Rosetta stone, X. 290.

Yukon River Valley, III. 418.

Zagel. See El Zagel.
Zagoskin, Russian author, imitates Walter

Scott, IX. 361.

Zaid, servant of Mohammed, VII. 132.

Zama, battle of, VI. 58.

Zarathustra. See Zoroaster.

Zedekiah, king of Judah, I. 69.

Zedlitz, Joseph TOD, Austrian poet, IX.
309.

Zela, battle of, VI. t>.

Zeleia, VI. 13.

Zend, old Persian, language of Medea and
Persians, I. 70.

Zend-Avesta, Persian scriptures IV. 28;
its priority to cosmogony of Moses, 29;
VII. 37; number of parts of, 38;
Gathas, 38-40.

Zeno, of the Eleatic School, IV. 41 ; in-

ventor of dialectics, 41 ; hia patriotism,
42; his death, 43; his system, 43.

Zeno, founder of Stoic School, IV. 133;
education, 133; anecdotes of, 135-9;
death of, 139.

Zenobia, queen of Palmyra, defe*ted by
Romans, I. 276.

Zerotin, Count, and Wallenstein, VI. 162.

Zerubbabel, Jewish chief, I. 60.

Zeuboff, Catherine's favorite, V. 337; ruins

Potemkin, 341 ; deceives Catherine, 844.

Zeus, among the Greeks, I. 151.

Zeus, Phidias statue of, I. 168.

Zeuxis, Greek painter, I. 170; his

"Helen," 170; and Parrhasius, 170.

Zhukovski, Vasile, Russian author, trans-
lations by, IX. 359-60; works of, 360.

Zipporah, wife of Moses, VII. 3.

Zobeir, Arabian chief, rival of Ali, V. 88;
killed, 86.

Zola, Emile, his "Rougon-Macquart"
novels, IX. 2GO; his "Lourdos,"
"Rome," and "Paris," 260.

Zomdorf, battle of, VI. 240.

Zoroaster, Persian philosopher, VII. 34-42;
various accounts of life of, 34-5; re-

ligion of, 34, 36, 41; hymns of (Gathas),
38-40; doctrines of, 38-40; his religion
supplanted by that of Mahomet, 41-2; I.

71; 76-7; IV. 28; his time, 29; his

teachings, 29.

Zorrilla, Jose, Spanish poet and dramatist,
IX. 384, 390.

Zschokke, Johaun, German writer, his
"Stunden der Andacht," IX. 297.

Zunis. dwelling in square towns, X. 302.

Zwingli, Ulrich, II. 24; VII. 199.
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